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HIS  GRACE 

THE 

DUKE  OF  RUTLAND. 

My  Lord  Duke, 

"^7" DUR  Grace,  whilft  I had 
the  honour  of  being  in- 
trufted  with  your  Education  in 
this  place,  fliewed  a dilpofition 
to  the  Study  of  Chemiftry:  I wifh 
that  any  thing  contained  in  the 
a 2 fol- 
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I 

following  Eflays  may  tend  to 
revive  it. 

ChemiHry  is  cnitivated  abroad 
by  perfons  of  the  firft  Rank, 
Fortune,  and  Ability  j they  find 
in  it  a never  failing  fource  of 

honourable  amufement  for  their 

/ 

private  hours ; and  as  public 
men,  they  confider  its  cultivation 
as  one  of  the  moft  certain  means 
of  bringing  to  their  utmoft 
perfedtion,  the  manufadtures  of 
their  country. 


That 
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That  your  Grace’s  private 
life  may  continue  to  be  bleffed 
with  every  domeftic  comfort; 
and  that  your  public  life  may  be 
diftinguilhed  by  principles  and 
actions,  ufeful  to  your  country, 
and  honourable  to  yourfelf,  is 
the  lincere  prayer  of 

Your  Grace’s 

Moft  affectionate 

And  obliged  Servant, 


Cambridge^ 

1781. 


R.  WATSON. 


PREFACE. 


The  fubjeds  of  the  following 
Effays  have  been  chofen,  not 
fo  much  with  a view  of  giving  a 
Syftem  of  Chemiftry  to  the  world,  as 
with  the  humbler  defign  of  convey- 
ing, in  a popular  way,  a general  kind 
of  knowledge,  to  perfons  not  much 
verfed  in  chemical  inquiries. 

Two  other  volumes,  which  are 
nearly  ready  for  the  prefs, . would 
finifli  the  whole  of  my  plan ; but 
being  quite  doubtful  how  far  either 
the  fubjefl  itfelf,  or  at  leafl,  how  far 
the  manner  in  which  I have  been 
able  to  treat  it,  may  be  acceptable  to 
the  Public,  I dare  not  at  prefent 
venture  to  folicit  the  Reader’s  atten- 
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don  to  them : if  they  fliould  never 
fee  the  light,  the  world  will  fulfer 
little  lofs ; and  as  to  the  trouble  and 
expence  which  I have  been  at  in 
compofing  them,  they  are  more  than 
compenfated  by  the  knowledge  I 
have  gained. 

There  are  two  fets  of  men  of 
whom  I particularly  crave  indul- 
gence — Chemifts,  and  Divines. 
Chemifts  mull  excufe  me,  as  well 
for  having  explained  common  mat- 
ters, with  what  will  appear  to  them 
a difgufting  minutenefs,  as  for  hav- 
ing paffed  over  in  filence  fome  of 
the  moft  interefting  queftions ; fuch 
are  thofe  which  refpedl  the  analyfis 
of  air  and  fire,  the  produflion  and 
tranfmutation  of  faline  fubftances, 
the  fpontaneous  deftrudlion  and  ge- 
neration of  minerals. 

Divines, 
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Divines,  I hope  will  forgive 
me,  if  I have  ftolen  a few  hours, 
not,  I truft,  from  the  duties  of  my 
office,  but  certainly  from  the  ftudies 
of  my  profeffion,  and  employed 
them  in  the  cultivation  of  natural 
philofophy  : I could  plead  in  my 
defence  the  example  of  fome  of  the 
greateft  charafters,  that  ever  adorned 
cither  this  Univerfuy  or  the  Church 
of  England.  The  books  of  Nature 
and  of  Revelation  equally  elevate 
our  conceptions,  and  incite  our 
piety  ; they  mutually  illuftrate  each 
other ; they  have  an  equal  claim  to 
our  regard,  for  they  are  both  written 
by  the  finger  of  the  one  eternal 
INCOMPREHENSIBLE  GoD,  TO 
WHOM  BE  GLORY  FOR  EVER, 

Amen. 


For 
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For  the  miftakes  I may  have  fallen 
into  in  treating  of  fuch  a variety  of 
matter,  and  for  the  imperfedlion  in 
the  defign  and  execution  of  the 
Work  itfelf,  I generally  intreat  the 
Reader’s  excufe  in  the  words  of 
Pliny, 

Occupati  fumus  officiis.,  fuhfecivifq^ui 
horis  ijla  curamus. 
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On  the  Rife  and  Progrefs  of  Cbc- 
miftry. 


H E beginnings  of  every  art. 


-I.  which  tended  either  to  fupply 
the  neceflities,  or  to  alleviate  the 
more  prelTing  inconveniences  of  hu- 
man life,  were  probably  coeval  with 
thefirfteftabliflsmentof civil  focieties, 
and  preceded,  by  many  ages,  the  in- 
vention of  letters,ofhieroglyphics,and 
of  every  other  mode  of  tranfmitting 
to  pofterity  the  memory  of  paft  tranf- 
adtions.  In  vain  fliall  we  inquire  who 
invented  the  firft  plough,  baked  the 
VOL.  I.  A hrlt 
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firft  bread,  fliaped  the  firft  pot,  wove 
the  firft  garment,  or  hollowed  out  the 
firft  canoe.  Whether  men  were  ori- 
ginally left,  as  they  are  at  prefenr,  to 
pick  up  cafual  information  concern- 
ing the  properties  of  bodies,  and  to 
inveftigate  by  the  ftrength  of  natural 
genius  the  various  relations  of  the 
objefts  furrounding  them  •,  or  were, 
in  the  very  infancy  of  the  world,  fu- 
pernaturally  affifted  in  the  difcovery 
of  matters  eflential,  as  it  fhould  Teem, 
to  their  exiftence  and  well-being, 
muft  ever  remain  unknown  to  us. 

There  can  be  little  doubt  that  in 
the  fpace  of,  at  leaft,  1656  years, 
from  the  creation  of  the  v/orld  to  the 
deluge,  a great  variety  of  economical 
arts  muft  have  been  carried  to  a very 
confiderable  degree  of  perfection. 
The  knowledge  of  many  of  thefe  pe- 

riilred 
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rifhed,  in  all  likelihood,  with  the 
then  inhabitants  of  the  earth  it  be- 
ing fcarcely  poffible  for  that  fingle 
family,  which  efcaped  the  general 
ruin,  to  have  either  praflifed,  or  been 
even  fuperficially  acquainted  with 
them  all.  When  men  have  been 
long  united  in  civil  focieties,  and 
human  nature  has  been  exalted  by  a 
reciprocal  communication  of  know- 
ledge, it  does  not  often  happen,  that 
any  ufeful  invention  is  intirely  loft : 
but  were  all  the  prefent  inhabitants 
of  the  earth,  except  eight  perfons,  to 
be  deftroyed  by  one  fudden  calamity, 
who  fees  not  that  molt  of  thofe  fer- 
viceable  and  elegant  arts,  which  at 
prefent  conftitute  the  employment, 
and  contribute  to  the  happinefs  of 
the  greateft  part  of  tlie  human  race, 
would  probably  be  buried  in  long 
A 2 
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oblivion?  Many  centuries  might  flip 
away,  before  the  new  inliabitants  of 
the  globe,  would  again  become  ac- 
quainted with  the  nature  of  the  com- 
pafs,  with  the  arts  of  painting,  print- 
ing, or  dying,  of  making  porcelane, 
gunpowder,  lleel,  or  brafs. 

The  interval  of  time  which  elapfed 
from  the  beginning  of  the  world  to 
the  firfl:  deluge, is  reckoned  by  profane 
hiftorians,  to  be  wholly  uncertain  as 
to  the  events  which  happened  in  it : 
it  was  antecedent,  by  many  centuries, 
not  only  to  the  tera  when  they  fup- 
pofed  hiftory  to  commence,  but  to 
the  moft  diftant  ages  of  heroifm  and 
fable.  The  only  account  relative  to 
it,  which  we  can  rely  upon,  is  con- 
tained in  the  firft  fix  chapters  of  the 
book  of  Genefis  three  of  which  be- 
ing employed  in  the  hiftory  of  the 

' crea- 
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creation,  and  of  the  fall  of  man;  and 
a fourth  containino;  nothing  but  a 
genealogical  narration  of  the  patri- 
archs from  Adam  to  Noah;  it  cannot 
reafonably  be  expedted,  that  the  other 
two  Ihould  enable  us  to  trace  the  va- 
rious fteps  by  which  the  human  in- 
telledl  advanced  in  the  cultivation  of 
arts  arid  fciences,  or  to  afcertain,  with 
much  precifion,  the  time  when  any 
of  them  was  firll:  introduced  into  the 
world.  It  is  fomewhac  remarkable 
that  from  this  account,  fliort  as  it  is, 
the  chemifts  fltould  be  authorized, 
with  fome  propriety,  to  exalt  the 
antiquity  of  their  art  to  the  earliell 
times.-  Tubal-cain  is  there  mention- 
ed as  an  inftrudler  of  every  artificer 
in  copper  and  iron  *.  I'his  circum- 
rtance  proves  beyond  difpure,  that 

one 

. * Gen.  IV.  22. 
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one  part  of  metallurgic  chemiftry 
was  well  underftood  at  that  time,  for 
copper  and  iron  are  of  all  the  metals 
moft  difficultly  extrafted  from  their 
ores,  and  cannot,  even  in  our  days, 
:be  rendered  malleable  without  much 
Ikill  and  trouble ; and  it  proves  alfo 
that  the  arts  in  general  were  in  an 
improved  ftate  amongft  the  antedi- 
luvians. It  is  faid,  indeed,  that  fome 
tribes  of  Hottentots  (who  can  have 
no  pretenfions  to  be  ranked  amongft 
the  cultivators  of  the  arts)  know  how 
to  melt  both  iron  and  coppenfi  but  this 
knowledge  of  theirs,  if  they  have  not 
derived  it  from  an  intercourfe  with 
the  Europeans,  is  a very  extraordi- 
nary circumftance,  fince  the  melting 
and  manufadturing  of  metals,  are 
juftly  confidered,  in  general,  as  indi- 
cations 


f Forfter’s  Voy.  Vo!.  I.  p.  8i. 
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cations  of  a more  advanced  ftate  of 
civilization,  than  the  Hottentots  have 
yet  arrived  at.  But  not  to  dwell 
upon  this  Cain  we  know  built  a 
city,  and  Ibme  would  thence  infer 
that  metals  were  in  ufe  before  the 
time  of  Tubal-cain,  and  that  he  is 
celebrated  principally  for  his  inge- 
nuity in  fabricating  them  for  do- 
meftic  purpofes.  Hiftory  feems  to 
fupport  our  pretenfions  thus  far.  As 
to  the  opinion  of  thofe  who,  too  zea- 
loufly  contending  for  the  dignity  of 
chemiftry,  make  the  difcovery  of  its 
myfteries  to  have  been  the  pretium 
amoris  which  angels  paid  to  the  fair 
daughters  of  men,  we  in  this  age  are 
more  difpofed  to  apologize  for  it 
than  to  adopt  it.  We  may  fay  of 
arts  what  the  Roman  hiftorian  has 
faid  of  fcates  — datur  h<ec  venia  an- 
A 4 tigui- 
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•tiquitati,  ut,  mifcendo  humana  divinisy 
.frimordia  artium  augujiiora  facial  §. 

For  many  ages  after  the  flood  we 
.have  no  certain  accounts  of  the  flate 
of  chemiftry.  The  art  of  making 
wine  indeed,  was  known,  if  not  be- 
fore, foon  after  the  deluge;  this  may 
'be  colle6led  from  the  intoxication 
of  Noah  II,  there  being  no  inebriating 
quality  in  the  unfermented  juice  of 
the  grape.  The  Egyptians  were 
Ikilled  in  the  manufacluring  of  me- 
•■tals',  in  medicinal  chemiftry,  and  in 
the  art  of  embalming  dead  bodies, 
long  before  the  time  of  Mofes,  as 
-appears  from  the  mention  m,ade  of 
Jofeph’s  cup*,  and  from  the  phyfi- 
cians  being  orctered  to  embalm  the 
body  of  Jacob -f.  They  praftifed 

alfo 

§ Livy’s  Prsef.  ||  Gen.  ix.  2i. 

**  Gen.  xliv,  2.  f Gen.  I.  2. 
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alfo  the  arts  of  dying  and  of  making 
coloured  glafs  at  a very  early  period ; 
as  has  been  gathered,  not  only  from 
the  teftimony  of  Strabo,  but  from 
the  relicks  found  with  their  mum- 
mies, and  from  the  glafs  beads  with 
which  their  mummies  are  fometimes 
ftudded  §,  But  we  cannot  from  thefe 
inftances  conclude  that  chemiHry  was 
then  cultivated  as  a feparate  branch 
of  fcience,  or  diftinguihied  in  its 
application,  from  a variety  of  other; 
arts  which  muft  have  been  exercifed 
for  the  fupport  and  convenience  of 
human  life.  All  of  thefe  had  pro- 
bably fome  dependance  on  .chemical 
principles,  but  they  were  then,  as 

they 

§ See  Delaval’s  ingenious  Inquiry  into 
the  Caufe  of  the  Changes  of  Colours.  Pref, 
Lvi  : and  Duten’s  learned  Inquiry  into  the 
Difcoveries  attributed  to  tlie Moderns,  p.  24! . 
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they  are  as  at  prefent,  praftifed  by 
the  feveral  artifts  without  their  hav- 
ing any  theoretical  knowledge  of 
their  refpedtive  employments.  Nor 
can  we  pay  much  attention  in  this 
inquiry  to  the  obfcure  accounts  which 
are  given  of  the  two  great  Egyptian 
philofophers,  Hermes  the  elder,  fop- 
poled  to  be  the  fame  with  Mizraim 
grandfon  of  Noah  •,  and  Hermes  fur- 
named  Trifmegiftus  the  younger; 
from  whom  chemiftry  has  by  fome 
been  alFeCledly  called  the  Hermetic 
art. 

The  chemical  Ikill  of  Mofes,  dif- 
played  in  his  burning,  reducing  to 
an  impalpable  powder,  and  rendering  - 
potable  the  golden  calf  in  the  wil- 
dernefs,  has  been  generally  extolled 
by  writers  on  this  fubjeft  j and  con- 
ftantly  adduced  as  a proof  of  the 

then 
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then  'flourifhing  ftate  of  chemiftry 
amongft  the  Egyptians,  in  whofe 
learning  he  is  ftid  to  have  been  well 
verfed.  If  Mofes  had  really  redu- 
ced the  gold  of  which  the  calf  con- 
Eifted,  into  afhes,  by  calcining  it  in 
the  fire-,  or  made  it  any  other  way 
foluble  in  water,  this  inftance  would 
have  been  greatly  in  point;  but  nei- 
ther in  Exodus  nor  in  Deuteronomy 
where  the  faft  is  mentioned,  is  there 
any  thing  faid  of  its  being  difiblved 
in  water.  The  enemies  of  revelation 
on  the  other  hand,  conceiving  it  to  be 
-impoflible  to  calcine  gold,  or  to  ren- 
der it  potable,  have  produced  this 
account  as  containing  a proof  of  the 
want  of  veracity  in  the  facred  hifto- 
rian.  Both  Tides  feem  to  be  in  an 
error ; Stahl  and  other  chemifis  have 
•ihewn  that  it  is  pofTible  to  make  gold 
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potable,  but  we  have  no  reafon  to 
conclude  that  Mofes  either  ufed  the 
procefs  of  Stahl,  or  any  other  chemi- 
cal means  for  effcfting  the  purpofe 
intended  — he  took  the  calf  ‘ivhich  they 
had  made,  and  burnt  it  in  the  fire,  and 
ground  it  to  powder,  and  fir  awed  it  up- 
on the  water,  and  made  the  children  of 
Ifrael  to  drink  of  it  *.  Here  is  not 
the  leafl.  intimation  given  of  tlie  gold 
having  been  diflblved,  chemically 
fpeaking,  in  water ; it  was  ftamped 
and  ground,  or,  as  the  Arabic  and 
Syriac  verfions  have  it,  filed  into  a 
fine  duft,  and  thrown  into  the  river 
of  which  the  children  of  Ifrael  ufed 
to  drink  : part  of  the  gold  would 
remain,  notwithftanding  its  areater 
fpecificgvavity,  fufpended  for  a time, 
(as  happens  iii  the  wafliing  of  cop- 
per 


• Exod.  xxxii.  20. 
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per  and  lead  ores,)  and  might  be 
fwallowed  in  drinking  the  water, 
the  reft  would  fink  to  the  bottom, 
or  be  carried  away  by  the  flux  of 
the  ftream. 

Neverthelefs,  though  nothing  fatif- 
fa£tory  cam  be  concluded  concern- 
ing the  Egyptian  chemiftry  from 
what  is  faid  of  Mofes  in  this  in- 
ftance,  yet  the  ftruflure  of  the  ark, 
and  the  fafhion  of  Aaron’s  aarments, 
clearly  indicate  to  us  that  the  arts  of 
manufafturing  metals,  of  dying  lea- 
ther red,  and  linen  blue,  purple, 
and  fcarlet;  of  diftinguilbing  preci- 
ous ftones,  and  engraving  upon  them, 
were  at  that  time  pradlifed  in  a very 
eminent  degree  *.  The  Ifraelites 
had  unqueftionably  learned  thefe 
arcs  in  Egypt,  and  there  is  great  rea- 

fon 

* Exod.  xxvi.  ai'.d  xxviii. 
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Ton  to  fuppofe  not  only  that  learning 
of  every  kind  firft  flourifhed  in  E- 
gypt,  but  that  chemiftry,  in  particu- 
lar, was  much  cultivated  in  that 
country  when  other  fciences  had 
paffed  into  other  parts  of  the  world. 
Pliny  in  fpeaking  of  the  four  periods 
of  learning  which  had  preceded  the 
times  in  which  he  lived,  reckons  the 
Egyptian  the  firft : and  Suidas,  who 
is  thought  to  have  lived  in  the  tenth 
century,  informs  us  that  the  Empe- 
ror Diocletian  ordered  all  the  books 
of  chemiftry  to  be  burned,  left  the 
Egyptians  learning  from  them  the 
art  of  preparing  gold  and  filver, 
fhould  thence  derive  refources  to  op- 
pofe  the  Romans  *.  It  is  worthy  of 
notice  that  Suidas  ufes  the  word 
cliemiftry  in  a very  reftrided  fenfe, 

when 
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when  he  interprets  it  by  the  pre- 
paration of  gold  and  filver; — but  all 
the  chemifts  in  the  time  of  Suidas, 
and  for  many  ages  before  and  after 
him  were  alchemifts.  The  edidt 
of  Diocletian  in  the  third  century, 
had  little  effed  in  repreffing  the  ar- 
dour for  this  ftudy  in  any  part  of 
the  world,  fince  we  are  told  that,  not 
lefs  than  five  thoufand  books,  to  fay 
nothing  of  manufcripts,  have  been 
publilhed  upon  the  fubjed  of  alche- 
my fince  his  time  *. 

At  what  particular  period  this 
branch  of  chemiftry,  refpeding  the 
tranfmutation  of  the  bafer  metals  into 
gold,  began  to  be  diftinguilhed  by 
the  name  of  alchemy,  cannot  be  de- 
termined. An  author  of  the  fourth 
century,  in  an  afirological  work, 

fpeaks 

* Chem.  Waller,  p.  40, 


( ) 

fpeaks  of  the  fcience  of  alchemy  as 
well  underftood  at  that  time;  and 
this  is  fai^^to  be  the  firft  place  in 
which  the  word  alchemy  is  ufed*. 
But  VofTius  afferts  that  we  ous:ht  in 

O 

the  place  here  referred  to  inftead  of 
alchemta  to  read  chemia  -f  : be  this  as 
it  may,  we  can  have  no  doubt  of  al- 
chemia  being  compounded  of  the 
Arabic  al  (the)  and  chemia^  to  de- 
note excellence  and  fuperiority,  as 
in  al-manack,  al-koran,  and  other 
words.  Whether  the  Greeks  in- 
vented, or  received  from  the  Egyp- 
tians, the  dodrine  concerning  the 
tranfmutation  Oi  metals,  or  whether 
the  Arabians  were  the  firlf  who  pro- 

felTed  it,  is  uncertain.  To  change 
\ ^ 

iron, 

* Jul.  Fermi.  Mater*  Aflroncmic&n.  Lib* 
3.  c.  15. 

I Vofs.  Etymo.  Vox  Alclieniia* 
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iron,  lead,  tin,  copper,  qulckfilver 
into  gold,  feems  to  be  a problem 
more  likely  to  animate  mankind  to 
attempt  its  folution,  than  either  that 
of  fquaring  the  circle, or  of  finding  out 
a perpetual  motion ; and  as  it  has  ne- 
ver yet  been  proved,  perhaps  never 
can  be  proved  to  be  an  hnpojfible 
problem^  it  ought  not  to  be  efteemed 
a matter  of  wonder,  that  the  firft 
chemical  books  we  meet  with,  are 
almofl.  intirely  employed  in  alchemi- 
cal inquiries. 

■ Chemiftry,  with  the  reft  of  the  fci- 
eoces,  being  banillied  from  the  other 
parts  of  the  world,  took  refuge 
among  the  Arabians.  Geber  in  the 
feventh,  or  as  Tome  will  have  it  in 
the  eighth,  and  others  in  the  ninth 
century,  wrote  feveral  chemical  or 
rather  alchemical  books  in  Arabic. 

VOL.  I.  B ' In 
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In  thefe  works  of  Gcber  are  contain- 
ed fuch  ufeful  diredtions  concerning 
the  manner  of  conducing  diftilla- 
tion,  calcination,  fublimation,  and 
other  chemical  operations,  and  fuch 
pertinent  obfervations  refpedling  va- 
rious minerals,  as  juftly  feem  to  en- 
title him  to  the  charafter,  which  fome 
have  given  him,  of  being  the  father 
of  chemiftry  ; though,  in  one  of  the 
moft  celebrated  of  his  works,  he  mo- 
deftly  acknowledges  himfelf  to  have 
done  little  elfe  than  abridge  the  doc- 
trine of  the  ancients  concerning  the 
tranfmutation  of  metals  *.  Whether 

he 

* Totam  noftram  metallorum  tranfmu- 
tandorum  feientiam,  quam  ex  libris  antiquo- 
rum  philofophoruin  abbreviavimus,  compi- 
latione  diverfa,  in  noftris  voluminibus,  hie 
in  unam  fummam  redegimus.  Gebri  Alch. 
cap.  1 . edition  by  Zetzner  in  1512.  InTanck- 
en’s  edition  in  1681,  the  words  metallorum 
tranfiliutandoram  are  omitted. 
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he  was  preceded  by  Mefue  and  RJia- 
zes,  or  followed  by  them,  is  not  in 
theprefent  inquiry  a matter  of  much 
importance  to  determine,  fince  the 
forementioned  phyficians  as  well  as 
Avicenna,  who,  from  all  accounts, 
was  pofterior  to  Geber,  fpeak  of 
many  chemical  preparations,  and  thus 
thoroughly  eftablilli  the  opinion,  that 
medical  chemiftry,aswell  as  alchemy, 
V as  in  thofe  dark  ages  well  under- 
ftood  by  the  Arabians. 

Towards  the  beginning  of  the 
thirteenth  century  Albert  the  Great 
in  Germany,  and  Roger  Bacon  in 
England,  began  to  cultivate  che- 
miftry  with  fuccefs,  excited  there- 
to, probably,  by  the  perufal  of  fome 
Arabic  books,  which  about  that  time 
were  tranflated  into  Latin.  Thefe 
two  monks,  efpecially  the  latter, 

® 2 feem 
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feem  to  have  as  far  exceeded  the 
common  (landard  of  learning  in  the 
age  in  which  they  lived,  as  any  phi- 
lofophers  who  have  appeared  in  any 
country  either  before  their  time  or 
fince.  They  were  fucceeded  in  the 
fourteenth  and  fifteenth  centuries, 
by  a great  many  eminent  men  both 
of  our  own  country  and  foreigners, 
who,  in  applying  themfelves  to  al- 
chemy, made,  incidentally,  many  ufe- 
ful  difcoveries  in  various  parts  of 
chemiftry : fuch  were  Arnoldus  de 
villa  Nova  in  France ; our  country- 
man George  Ripley;  Raymond  Lully 
of  Majorca,  who  firft  introduced  or 
at  leaft  more  largely  explained  the 
notion  of  an  univerfal  medicine;  and 
Bafile  Valentine,  whofe  excellent 
book  intitled  Currus  Antimonii  tri~ 
umphalis^  has  contributed  more  than 

any 
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any  thing  elfe,  to  the  introduction  of 
that  moft  ufeful  mineral  into  the  re- 
gular pradtice  of  moft  phyficians  in 
Europe;  it  has  given  occafion  alfo 
to  a variety  of  beneficial,  as  well  as 
(a  circurtiftance  which  might  be  ex- 
pe£ted,  when  fo  ticklifti  a mineral  fell 
into  the  hands  of  interefted  empirics) 
to  many  pernicious  voftrums.  To 
this,  rather  than  to  the  arrogant  fe- 
verity  with  which  Bafile  Valentine 
treats  the  phyficians  his  contempo- 
raries, may  we  attribute  the  cenfure 
of  Boerhaave,who  in  fpeaking  of  him, 
fays,  “ he  erred  chiefly  in  this,  that 
he  commended  every  antimonial  pre- 
paration, than  which  nothing  can  be 
more  foolifh,  fallacious,  and  dan- 
gerous ; but  this  fatal  error  has  in- 
fe<5ted  every  medical  fchool  from  that 
time  to  this  j-,”  The 

t Boerh,  Ch.  Vol.  I.  p.  i8, 

^3 
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The  attempting  to  make  gold  or 
lilver  by  alchemical  procefles  had 
been  prohibited  by  a conftitution  of 
Pope  John  the  xxii,  who  was  ele- 
vated to  the  pontificate  in  the  year 
1316*^  and  within  about  one  hun- 
dred and  twenty  years  from  the  death 
of  friar  Bacon,  the  nobility  and  gen- 
try of  England  had  become  fo  infa- 
tuated with  the  notions  of  alchemy, 
and  wafted  fo  much  of  their  fub- 
ftance  in  fearch  of  the  philofopher’s 
ftone,  as  to  render  the  interpofition 
of  government  ncceffary  to  reftrain 
their  folly.  The  following  aft  of 
parliament,  which  lord  Coke  calls 
the  ftiorteft  lie  ever  met  with,  was 
paffed  5 H.  4.  “None  from  hence- 
forth fhall  ufe  to  multiply  gold  or 
filver,  or  ufe  the  craft  of  multiplica- 
tion, 

• Kirch.  Mun.  Sub.-  L.  xi.  Seft.  iv.  c.  i. 


( 23  ) 

tion,  and  if  any  the  fame  do,  he  fhali 
incur  the  pain  of  felony.”  It  has 
been  fuggefted,  that  the  leafon  of 
palling  this  act  was  not  an  appre- 
henfion  left  men  lliould  ruin  their 
fortunes  by  endeavouring  to  make 
gold,  but  a jealoufy  left  government 
Ihould  be  above  alking  aid  of  the 
fubjedt.  “ After  Raymond  Lully^ 
and  Sir  George  Ripley,  had  fo  larsely 
multiplied  gold,  the  lords  and  com- 
mons,conceiving  fome  danger  that  the 
regency  having  fuch  immenl'e  treafure 
at  command,  would  be  above  afldno- 
aid  of  the  fubje(5t,  and  might  become 
too.  arbitrary  and  tyrannical,  made 
an  a£t  againft  multiplying  gold  and 
fiiver-f.”  This  aft,  whatever  might 
be  the  occafion  of  palling  it,  though- 
it  gave  fome  obftruftion  to  the- 

pub- 

f Opera  Mineralia  explicata,  p.  lo. 
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public  exercife  of  alchemy,  yet  it  did 
not  cure  the  difpofition  for  it  in  in- 
dividuals, nor  remove  the  general 
credulity;  for  in  the  35  H.  6.  Letters 
Patent  were  granted  to  feveral  peo- 
ple, by  which  they  were  permitted  to 
inveftigate  an  univerfal  medicine,  and 
to  perform  the  tranfmutation  of  me- 
tals into  real  gold  and  filver,  with  a 
non-obftante  of  the  forementioned 
llatute,  which  remained  in  full  force 
till  the  year  1689,  when  being  con- 
ceived to  operate  to  the  difeourage- 
ment  of  the  melting  and  refining  of 
metals,  it  was  formally  repealed  *. 

The 

• Mr.  Boyle  is  faid  by  his  intereft  to  have 
procured  the  repeal  of  this  fingular  ilatute, 
and  to  have  been  probably  induced  thereto, 
in  confequence  of  his  having  been  perfuaded 
cf  the  poffibility  of  the  tranfmutation  of  me- 
tals into  gold.  See  his  Life  prefixed  to  the 
folio  ed.  of  his  Works,  p.  83. 
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The  beginning  of  the  fixteenth  cen- 
tury was  remarkable  for  a great  revolu- 
tion produced  in  the  European  prac- 
tice of  phyfic,  by  means  of  chemiftry. 
Then  it  was  that  Paracclfus,  follow- 
ing the  fteps  of  Bafile  Valentine,  and 
growing  famous  for  curing  the  ve- 
nereal difeafe,  the  leprofy,  and  other 
virulent  diforders,  principally  by  the 
means  of  mercurial  and  antimonial 
preparations,  wholly  rejedted  the  Ga- 
lenical pharmacy,  and  fubftituted  in 
its  Head  the  chemical.  He  had  a 
profeflbr’s  chair  given  him  by  the 
magiftracy  of  Bafil,  was  the  firfl:  who 
read  public  ledlures  in  medicine  and 
chemiftry,  and  fubjedted  animal  and 
vegetable  as  well  as  mineral  fub- 
ftances  to  an  examination  by  fire. 

' It  feldom  happens  that  a man  of 
but  common  abilities,  and  in  the 

moft 


( 26  ) 

moft  retired  fcenes  of  life,  obferves 
fuch  a itridl  uniformity  of  conduct, 
as  not  to  afford  prejudice  and  par- 
tiality fufficient  materials  for  draw- 
ing his  charafter  indifferent  colours*, 
but  fuch  a great  and  irregular  genius 
as  Paracelfus,  could  not  fail  of  be- 
coming alike,  the  fubjedl  of  the  ex- 
tremes of  panegyrick  and  fatire.  l ie 
has  accordingly  been  efleemed  by 
fome,  a fecond  Efculapius  *,  others 
have  thought  that  he  was  poffeffed  of 
more  impudence  than  merit,  and  that 
his  reputation  was  more  owing  to 
the  brutal  fingularity  of  his  conduff, 
than  to  the  cures  he  performed.  He 
treated  the  phyficians  of  his  time, 
with  the  moft  fottifh  vanity  and  il- 
liberal infolence : tellins  them,,  that 
the  very  down  of  his  bald  pate,  had 
more  knowledge  than  all  their  wri- 
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ters,  the  buckles  of  his  fiioes,  more 
learning  than  Galen  or  Avicenna, 
and  his  beard,  more  experience  than 
all  their  univerfuies  He  revived 
the  extravagant  dodlrine  of  Ray- 
mund  Lully,  concerning  an  univer- 
fal  medicine,  and  untimely  funk  into 
his  grave  at  the  age  of  forty  feven, 
v/hilft  he  boafted  himfelf  to  be  in 
poffeffion  of  fecrets,  able  to  prolong 
the  prefent  period  of  human  life,  to 
that  of  the  Antediluvians. 

But  in  v»^hatever  eftimation  the 
merit  of  Paracelfus  as  a chenlift  may 
be  held,  certain  it  is,  that  his  fame 
excited  the  envy  of  fome,  the  emu- 
lation of  others,  and  the  induftry  of 
all.  Thofe  who  attacked,  and  thofe 
who  defended  his  principles,  ec]ually 

promoted 

* Preface  to  his  book  entitled  Paragra- 
uum,  where  there  is  more  in  the  fame  llile. 
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promoted  the  knowledge  of  che- 
miftry,  which  from  his  time,  by 
attrafting  the  notice  of  phyficians, 
began  every  where  to  be  fyftemati- 
cally  treated,  and  more  generally  un- 
derftood. 

Soon  after  the  death  of  Paracel  fus, 
which  happened  in  the  year  1541, 
the  arts  of  mining  and  fluxing  me- 
tals, which  had  been  pradifed  in 
moft  countries  from  theearlieft  times, 
but  had  never  been  explained  by 
any  writers  in  a fcientific  manner, 
received  great  illuftration  from  the 
works  of  Georgius  Agricola,  a Ger- 
man phyfician..  The  Greeks  and 
Romans  had  left  no  treatifes  worth 
mentioning  upon  the  fubjed,  and 
though  a book  or  two  had  appeared 
in  the  German  language,  and  one  in 
the  Italian,  relative  to  metallurgy^ 

before 
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before  Agricola  publifhed  his  twelve 
books  de  Re  MetalUca^  yet  he  is 
juftly  efteemed  the  firft  author  of 
reputation  in  that  branch  of  che- 
miftry.  ' 

Lazarus  Erckern  (aflay  matter 
general,  of  the  empire  of  Germany) 
followed  Agricola  in  the  fame  pur- 
fuit.  His  works  were  firtt  publidi- 
ed  at  Prague  in  1574,  and  an  En- 
glifh  tranflation  of  them  by  Sir  John 
Pettus,  came  out  at  London  in 
1683.  The  works  of  Agricola  and 
Erckern,  are  ttill  highly  etteemed, 
though  feveral  others  have  been  pub- 
liflied,  chiefly  in  Germany,  upon 
the  fame  fubjedl  fince  their  time* 
Amongft  thefe  we  may  reckon 
Schindler’s  Art  of  Aflliying  Ores  and 
Metals ; the  metallurgic  works  of 
Orfchall  j the  works  of  Henckell ; of 

Sciutter ; 
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Sclutter;  of  Cramer-,  of  Lehman; 
and  of  Gellert.  Germany,  indeed, 
has  been  for  a long  time  the  great 
fchool  of  metallurgy  for  the  reft  of 
Europe;  and  we,  in  this  country,  owe 
the  prefent  flouriflting  condition  of 
our  mines,  efpecially  of  our  copper 
mines,  as  well  as  of  our  brafs  manu- 
faiftury,  to  the  wife  policy  of  queen 
Elizabeth,  in  granting  great  privi- 
leges to  Daniel  Houghfetter,  Chrif- 
topher  Schutz,  and  other  Germans, 
whom  (lie  had  invited  into  England, 
in  order  to  inftru6t  her  fubjcfts  in  the 
art  of  metallurgy. 

It  was  not,  how'ever,  till  towards 
the  middle  of  the  laft  century,  that 
general  chemiftry  began  to  be  culti- 
vated in  a liberal  and  philofophical 
manner.  So  early  as  the  year  1 645 
feveral  ingenious  perfons  in  London, 


in 
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in  order  to  divert  their  thoughts 
from  the  horrors  of  the  civil  war 
which  had  then  broken  out,  had 
formed  themfelves  into  a fociety,  and 
held  v/eekly  meetings,  in  which  they 
treated,  of  what  was  then  called,  the 
new  or  experimental  philofophy. 
Thefe  meetings  were  continued  in 
London  till  the  eflablifhment  of  the 
Royal  Society  in  1 662  ; and  before 
that  time,  by  the  removal  of  fome  of 
the  original  members  to  Oxford,  fi- 
milar  meetings  were  held  there,  and 
thofe  ftudies  brought  into  repute  in 
that  univerfity.  Mr.  Boyle,  who 
had  entered  upon  his  chemical  ftu- 
dies, about  the  year  1647,  was  a 
principal  perfon  in  the  Oxford 
meetings : he  publilhed  at  that  place 
his  Sceptical  Chemift,  in  i66j,-  and 
by  his  various  writings  and  experi- 
‘ ments 
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ments,  greatly  contributed  to  the 
introducing  into  England,  a tafte 
for  rational  chemiftry. 

Next  to  Boyle,  or  perhaps  before 
him  as  a chemift,  (lands  his  contem- 
porary the  unfortunate  Beecher, 
whofe  phylica  juhterraneay  juflly  in- 
titled  opus  fine  party  was  firft  pub- 
lifhed  in  1669.  After  having  fuf- 
fered  various  perfecutions  in  Germa- 
ny, he  came  over  into  England,  ar.d 
died  at  London  in  1682,  at  the  age 
of  57.  He  refided  fometime  before 
his  death  in  Cornwall,  which  he  calls 
the  mineral  fchool,  owning  that  from 
a teacher,  he  was  there  become  a 
learner.  He  was  the  author  of  ma- 
ny improvements  in  the  manner  of 
working  mines,  and  of  fluxing  me- 
tals, in  particular  he  firft  introduced 
into  Cornwall  the  method  of  fluxing 

tin 
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tin  by  means  of  the  flame  of  pic- 
coal,  inftead  of  wood  or  charcoal  *. 

Lemery’s  very  accurate  courfc  of 
praftical  chemildry  appeared  in 

1675. 

* Beecher  wrote  his  Alphnbcthum  Mine- 
rale*,  at  Truro  in  Cornwall,*  in  16S2,  not 
long  before  his  death.  In  his  dedication  of 
this  trafl  to  Mr.  Bo  vie,  he  has  the  following 
words  — ‘‘ignis  ufus,  ope  flammarurn  li- 
thantracum  fianniim  et  mineralia  fundendi, 
Cornubioe  hadenus  incognitus,  fed  a me  in- 
trodiidus.’’  — This  account  which  Becchcr 
gives  of  himfelf,  is  not  quite  agreeable  to 
what  is  advanced  by  an  author,  cv'cry  way 
qualified  to  come  at  the  truth  of  this  mat- 
ter. — “ Necefiity  at  laft  fuggefred  the  in- 
trodudion  of  pit-coal  for  the  linelting  of*  tin 
ore;  and'arnong  others,  to  Sir  Bevil  Gran- 
ville of  Stow  in  this  county,  Temp.  Car.  I. 
who  made  feveral  experiments,  though  with- 
out fuccefs;  neither  did  the  effedual  fmelt- 
ing  of  tin  ore  with  plt-coal,  take  place  till 
the  fccond  year  of  Queen  Anne.  Pryce’> 
Miner,  Cornub.  p.  2S2. 

VOL.  I.  C 


( 34  ) 

1 675-  Glauber’s  works  had  been 
publifhed  at  different  times,  from 
i65ito  1661,  when  his  traft,  entitled 
Philofophical  Furnaces,  came  out 
at  Amfterdam.  Kunckel  died  in 
Sweden  in  1702,  he  had  pradlifed 
chemiftry  for  above  50  years,  under 
the  aufpices  of  the  eledor  of  Saxony, 
and  of  Charles  XI.  of  Sweden.  He 
wrote  his  chemical  obfervations  in 
the  German  language,  but  had  them 
tranflated  into  Latin  in  the  year 
1677;  the  tranflation  is  dedicated  by 
its  author,  to  our  Royal  Society. 
They  were  afterwards  tranflated  into 
Engliflt  in  1704.  Having  had  the 
fuperintendency  of  feveral  glafs 
houfes,  he  had  a fine  opportunity  of 
making  a great  variety  of  experi- 
ments in  that  way ; and  I have  been 
informed  by  our  enamellers,  and 
® makers 
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makers  of  artificial  gems,  that  they 
can  depend  more  upon  the  procefTes 
and  obfervations  of  Kunckel,  than  of 
any  other  author  upon  the  fame  fub- 
jedl.  The  chemical  labours  of  thefe, 
and  many  other  eminent  men,  too 
numerous  to  mention,  were  greatly 
forwarded  by  the  eftablifhment  of 
feveral  focieties,  for  the  encourage- 
ment  of  natural  philofophy,  which 
took  place  in  various  parts  of  Europe 
about  that  period. 

The  Philofophical  Tranfaflions  at 
London,  the  Hiftoire  de  1’  Acade- 
mic Royale  des  Sciences  at  Paris,  the 
Saggi  d’  efperienze  di  Acad,  del  Ci- 
mehto  at  Florence,  the  Journal  dee 
Scavans  in  FTolland,  the  Ephemeri- 
des  Academi®  natiir®  curiofomm., 
in  Germany,  the  Afls  of  the  Acade- 
my of  Copenhagen,  and  the  Adtti 
c 2 erudi- 
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cruditorum  at  Leypfic : all  thefe 
works  began  to  be  publifhed  within 
the  fpace  of  twenty  years  from  1 665, 
when  our  Royal  Society  firft  fet  the 
example,  by  piibliflaing  the  Philofo- 
phical  Tranfaftions.  To  thefe  may 
be  added,  tire  works  of  the  acade- 
mies of  Berlin,  Peterfburgh,  Stock- 
holm, Upfal,  Bononia,  Bourdeaux, 
Montpelier,  Gottingen,  and  of  feveral 
others  wliich  have  been  eftabliflied 
within  the  courfe  of  the  prefent  cen- 
tury. Near  a tlioufand  volumes  have 
been  publilhed  by  thefe  learned  foci- 
■ eties  within  lei's  than  120  years.  The 
number  of  fafts  which  are  therein 
related,  refpedting  chemiftry,  and 
every  other  branch,  of  natural  philo- 
fophy,  is  exceedingly  great-,  but  the 
fubjedt  is  dill  greater,  and  mud  for 
ever  mock  the  efforts  of  the  human 
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race  to  exhauft  it.  Well  did  Lord 
Bacon  compare  natural  phiiofophy  to 
a pyramid,  its  bafis  is  indeed  the 
hiftory  of  nature,  of  which  we  know 
a little,  and  conjefture  much,  but 
its  top  is  without  doubt,  hid  high 
among  the  clouds,  it  is  the  work 
which  God  worketh  from  the  beginning 
to  the  end,  ” infinite  and  infcrut- 
able. 

By  the  light  which  has  been  inci- 
dentally thrown  upon  various  parts 
of  chemiftry,  from  thofe  vaft  under- 
takings of  public  focieties,  as  well  as 
from  the  more  exprefs  labours  of 
Stahl,  Newman,  Hoffman,  Juncker, 
Geoffrey,  Boerhaave,  and  of  many 
others  equally  worthy  of  commenda- 
tion; by  the  theoretic  conclufions  and 
fyflematic  divifions  which  have  been 
introduced  into  it,  from  the  didaflic 
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inanner  in  which  the  ftudents  of  this 
art  have  been  inftrufted,  in  every 
Hiedical  fchool,  chemiftry  has 
quite  changed  its  appearance.  It  is 
no  longer  confidercd,  merely,  in  a 
medical  view,  nor  reftrifted  to  fomc 
fruitlefs  efforts  upon  metals;  it  no 
longer  attempts  to  impofe  upon  the 
credulity  of  the  ignorant,  nor  affedls 
to  aftonifli  the  fimplicity  of  the  vul- 
gar by  its  wonders,  hut  is  content 
with  explaining  them  upon  the  prin- 
ciples of  found  philofophy.  It  has 
lhaken  off  the  opprobrium  which 
had  been  thrown  upon  it,  from  the 
unintelligible  jargon  of  the  alche- 
nifts,  by  revealing  all  its  fecrets  in 
a language,  as  clear  and  as  common, 
as  the  nature  of  its  fubjedls  and  ope- 
rations will  admit. 

Confidered  as  a branch  of  phyficks, 

chemiftry 
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chemiftry  is  but  yet  in  its  infancy : 
however,  the  mutual  emulation,  and 
unwearied  endeavours  of  fo  many 
eminent  men  as  are  in  every  part  of 
Europe  engaged  in  its  cultivation, 
will  in  a little  time  render  it  equal  to 
any  part  of  natural  philofophy,  in 
the  clearnefs  and  folidity  of  its  prin- 
ciples. In  the  utility  refulting  to 
the  public  from  its  conclufions,  with 
refpedl  to  the  pradtice  of  medicine, 
of  agriculture,  arts  and  manufactures 
of  every  kind,  it  is  even  in  its  pre- 
fent  ftate  inferior  to  none. 

The  ufes  of  chemiftry,  not  only 
in  the  medical,  but  in  every  econo- 
mical art,  are  too  extenfive  to  be 
enumerated,  and  too  notorious  to 
want  illuftration  •,  it  may  juft  be  ob- 
fervedjthat  a variety  of  manufactures, 
by  a proper  application  of  chemical 
C 4 princi- 
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principles,  might,  probably,  be 
wrought  at  a Icfs  expence,  and  exe- 
cuted in  a better  manner  than  they 
are  at  prefent.  But  to  this  improve- 
’ nient,  there  are  impediments  on  eve- 
ry hand,  which  cannot  eafily  be  over- 
come. Thofe  who  by  their  fitua- 
tions  in  life,  are  removed,  from  any 
defign  or  defire  of  augmenting  their 
fortunes,  by  making  difeoveries  in 
the  chemical  arts,  will  hardly  be  in- 
duced to  diminifh  them  by  engaging 
in  expenfive  experimental  inquiries-, 
which  not  only  require  an  uninter- 
rupted attention  of  mind,  but  are  at- 
tended with  the  wearifomnels  of  bo- 
dily labour.  It  is  not  enough  to  em- 
ploy operators  in  this  bufmefs,  a 
man  mull  blacken  his  own  hands 
with  charcoal,  he  muft  fweat  over 
the  furnace,  and  inhale  many  a nox- 
ious 
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ious  vapour  before  he  can  becorne 
a chemift.  On  the  other  hand,  the 
artifts  themfelves  are  generally  illi- 
terate, timid,  and  bigotted  to  parti- 
cular modes  of  carrying  on  their  re- 
fpeftive  operations.  Being  unac. 
quainted  with  the  learned,  or  modern 
languages,  they  fcldom  know  any 
thing  of  new  difcoveries,.  or  of  the 
methods  of  working  praftifed  in  other 
countries;  deterred  by  the  too  fre- 
quent, but  much  to.be  lamented  ex- 
amples of  thofe,  who  in  benefitting 
the  public  by  projects  and  experi- 
ments, have  ruined  themfelves,  they 
are  unwilling  to  incur  the  leaft.ex- 
pence  iii  making  trials,  which  are 
uncertain  with  refpeft  to  profit. 
From  this  apprehenfion,  as  well  as 
from  the  myfterious  manner  in  which 
moll - arts,  before  the  invention  of 

print- 
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printing,  and  inany  ftill  continue  to 
be  taught,  they  acquire  a certain 
ofmidtrete^  which'  efFedbually  hinders 
them  from  making  improvements, 
by  departing  from  the  ancient  tradi- 
tionary precepts  of  their  art.  It  can- 
not be  queftioned,  that  the  arts  of 
dying,  paintings  brewing,  diftilling, 
tanning,  of  making  glafs,  enamels> 
porcelane,  artificial  ftone,  common 
fait,  fal  ammoniac,  fait  petre,  potafh, 
fugar,  and  a great  variety  of  others 
have  received  much  improvement 
from  chemical  inquiry,  and  are  ca- 
pable of  receiving  much  more. 

Metallurgy  in  particular,  though 
one  of  the  moft  ancient  branches  of 
chemiftry,  affords  matter  enough  for 
new  difcoveries.  There  are  a great 
many  combinations  cf  metals  which 
have  never  been  made  5 many  of 

which. 
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which,  however,  might  be  made,  and 
in  fuch  a variety  of  proportions,  as, 
very  probably,  would  furnifh  us  with 
metallic  mixtures  more  ferviceable 
than  any  in  ufe.  The  method  of 
extrafting  the  greatell  pofTible  quan- 
tity of  metal,  from  a given  quantity 
of  the  fame  kind  of  ore,  has,  perhaps, 
in  no  one  inftance  been  afcertained 
with  fiifficient  precilion.  There  are 
many  forts  of  iron  and  copper  ores, 
which  cannot  be  converted  into  mal- 
leable metals,  without  much  labour, 
and  a great  expence  of  fuel  *,  it  is  very 
probable,  that  by  a well  conduced 
feries  of  experiments,  more  com- 
pendious ways  of  working  thefe  mi- 
nerals might  be  found  out.  In  our 
own  times  three  new  metallic  fub- 
ftances  have  been  difcovered  *,  and 

their 
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their  properties  abundantly  afcer- 
tained  by  experiment  •,  and  it  may 
reafonably  be  conjedbured,  that  fu- 
ture experience-  v;ill  yet  augment 
their  number.  Till  Marggraf  fliew- 
ed  the  manner  of  doing  it,  no  me- 
tallic fubllance  could  be  extradbed 
from  calamine,  and  all  Europe  was 
fuppliedwith  zinc  * either  from  India 
or  from  Germany.  A manufafbury 
of  this  metallic  fubllance  has  not 
many  years  ago  been  efbablilhed  in 
our  own  country,  and  the  copper 
works  nearBrilbol  have  fupplied  Bir- 
mingham with  zinc  extracbed  from 
calamine.  Black-Jack  was  not  long 
fince  employed  in  Wales  for  mend- 
ing 

* Zinc  is  a metallic  fubllance,  of  the  co- 
lour of  lead  ; when  united  with  copper,  it 
conllitutes  brafs,  pinchbeck,  and  other  me- 
tallic mixtures,  refembling  gold* 
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ing  the  roads,  its  value  is  not  yet 
generally  known  in  Derbylhire,  but 
it  is  now  well  underftood  by  fome 
individuals  to  anfwer  the  purpofe  of 
calariiine  for  the  making  of  brafs  *. 
Monf.  Von  Swab  in  1738,  was,  I be- 
lieve, the  firft  perfon  who  diftillcd 
zinc  from  Black-Jack  and  a work 
which  he  eredted,  probably,  gave ’the 
hint  to  the  eftablifhers  of  our  Eng- 
lilh  manufaftury ; indeed,  I have 
been  well  informed,  that  they  pur- 
chafed  the  fecret  from  him  when  he 
was  in  England.  The  various  kinds 
of  black  lead,  from  which  neither  tin 
nor  iron  can  at  prefent  be  procured 

to 

* The  cobalt  ores  in  Hefle,  which  at  pre- 
■fent  produce  a net  profit  of  about  14000I.  a 
year,  were  fornserly  ufed  for  the  fame  pur- 

pofe  as  black  jack  was  lately  in  Wales. 

Borns’  Travels  by  Rafpe,  Pro.  xxvi. 

' t Cronftedt’s  Miner.  Sec.  231. 
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to  advantage-,  the  mundicks,  fome 
cobalt  ores,  cawk,  kebble,  and  other 
mineral  fubftances,  which  are  now 
thought  to  be  ufelefs,  may  fometimc 
or  other,  perhaps,  be  applied  to  good 
purpofe.  Cawk  and  kebble,  which 
are  found  in  great  quantities  in  min- 
ing countries,efpecially  inDerbyfhire, 
and  which  are  univerfally  thrown 
away,  may,  perhaps,  be  nothing  but 
different  kinds  of  fpar,  and  deftitute 
of  all  metallic  matter  *;  yet  it  may 
not  be  improper  to  remark,  that  the 
external  appearance  of  the  yellowifh 
cawk  is  wholly  fimilar  to  .that  of  cal- 
cined Black-Jack.  That  it  is  much 
of  the  fame  weight  as  Black-Jack  may 
appear  from  the  annexed  table. 

Weight 

See  Mr.  Woulfe’s  ingenious  Experi- 
ments in  Philof.  Tranf.  1779?  p*  15* 
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'Weight  of  a cubic  foot  of 
White  cawk  4047" 

Yellow  cawk  4112 
Kebble  43 19  Vavoirdup.  oz. 

Blackjack  4093 
Water  10001 

In  a word,  the  improvement  of 
metallurgy,  and  the  other  mechanic 
arts  dependent  on  chemiftry,  might 
beft  be  made  by  the  public  eftablifh- 
ment  of  an  Academy,  the  labours  of 
which  Ihould  be  deftined  to  that 
particular  purpofe ; the  utility  of 
fuch  eftablilhments  has  been  expe- 
rienced in  Saxony  and  other  places. 
And  as  mines  and  manufaftures  are 
to  the  full  as  important  to  us,  as  to 
any  other  European  ftate,  one  may 
hope,  that  the  conftituting  a Chemi- 
cal /Academy,  may,  in  times  of  peace 
and  tranquillity,  become  an  objeft 

not 
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TiOt  unworthy  the  attention  of  the 
King,  or  the  Legiflature  of  the  Britifli 
nation*. 

• The  reader  who  wilhes  to  become  more 
fully  acquainted  with  the  hiftory  of  chc- 
millry,  may  confult  what  Eorrichius  has  faid 
in  his  Diflertation  de  Ortu  et  ProgrefTu  Che- 
mia?,  publifhed  at  Copenhagen  in  1668;  and 
in  his  book  entitled  Hermetis,  ^gyptionim, 
et  Chemicorum  fapientia  ab  Hermann!  Cou- 
ringii  animadverfionibus  vindicata,  publilh- 
ed  at  .the  fame  place  in  1674.  He  will  alfo 
find  fomethino:  worth  his  notice  on  this  fub- 
jedl  in  Bocrhaave’s  Chemiftry  ; and  in  a work 
of  Wallerius,  called,  Chemiae  Phyficx  Pars 
Piima,  publifhed  at  Stockholm  in  1760  ; 
where  there  is  an  ufeful  catalogue  of  the  mod 
approved  writers  on  the  various  parts  of  che- 
xniftry. 
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ESSAY  II. 


On  the  principal  T‘erms  and  Opera- 
tions iifed  in  Chemijlry. 

This  Eflay,  in  which  I mean 
to  give  a general  account  of 
the  principal  terms  and  operations 
ufed  in  chemiftry,  will,  perhaps,  be 
more  troublefome  to  the  reader,  than 
any  other  which  I fhall  have  occafion 
to  write : but  he  muft  not  be  dif- 
couraged,  nor  conceive  a difguft 
againft  the  fcience  itfelf,  from  an 
inconvenience  neceflarily  attending 
all  fciences.  Chemiftry  has  as  few 
technical  terms  belonging  to  it,  as 
navigation,  law,  medicine,  or  any 
other  art  or  fcience,  which  may  have 
. yoL.  I.  D chanced 
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chanced  to  engage  his  attention. 
The  more  ancient  chemifts,  indeed, 
were  fond  of  coining  abftrufe  terms, 
and  frequent  in  the  ufe  of  them; 
but  this  affectation  is,  at  prefent, 
pretty  generally  and  very  juftly  ex- 
ploded. 

. Of  folidity  and  fluidity. 

Though,  in  philofophical  pro- 
priety of  fpcech,  water  be  as  folid  a 
body  as  a diamond,  yet  in  the  com- 
mon acceptation  of  the  word  foli- 
, dity,  we  confider  it  as  oppofed  to 
fluidity.  Natural  philofophers  have 
agreed  to  call  that  principle,  by  which 
the  conftituent  parts  of  ftones,  glafs, 
metals,  and  other  fubftances  cohere 
together,  Attr action . They  illuftrate 
the  agency  of  this  principle,  by  a va- 
riety of  decifive  experiments;  deci- 

five 


five  as  to  the  proof  of  the  exifience  of 
fuch  a power,  but  indicating  nothing 
at  all  of  the  caufe  of  it.  As  the- 
unknown  principle  of  mutual  attrac- 
tion between  the  conftituent  parts  of 
folid  bodies,  is  the  caufe  of  their  fo~ 
lidityy  fo  the  unknown  principle  of 
fire,  is  the  caufe  of  their  fluidity.  I 
call  the  principle  of  fire  unknown, 
becaufe,  though  its  effeds  are  fuffi- 
ciently  manifeft,  the  caufe  of  it  is 
wholly  queftionable.  But  in  what- 
ever manner  fire  may  be  fuppofed 
to  exert  its  agency,  it  Teems  to  be 
the  great  inftrument  of  fluidity  upon 
the  furface  of  the  earth.  Without  a 
certain  degree  of  heat,  water,  fpirits 
of  wine,  oil,  quickfilver,  and  perhaps 
the  air  itfelf,  would  be  converted  in- 
to folid  bodies ; and  with  a certain 
degree  of  heat  all  fluid  bodies  would 
D 2 be 
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be  changed  into  elaftic  vapours,  and 
all  folid  bodies  would  either  be 
wholly  diffipated,  or  in  part  diflipat- 
ed,  and  in  part  converted  into  fluid 
glafs.  Thefe  arc  extreme  cafes,  to 
which  no  portion  of  the  earth  is  ob- 
noxious; no  climate  is  fo  hot,  but 
that  it  abounds  with  water  in  a flate 
of  fluidity,  and  none  has  yet  been 
difcovered  fo  cold,  but  that  the  air, 
and  the  blood,  of  aquatic  animals  at 
leafl,  continue  fluid  in  it. 

Of  ’volatility  and  fixity. 

The  changes  produced  in  bodies 
by  the  aftion  of  fire,  are  various, 
according  to  the  conflitution  of  the 
bodies  themfelves,  and  the  degree  of 
heat  to  which  they  are  expofed. 
Some  bodies  in  a certain  degree  of 
heat,  may  be  wholly  diffipated,  others 

only 
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only  in  part,  others  not  at  all.  Thus 
the  fame  degree  of  heat,  which  will 
intirely  diflipate  camphor,  and  con- 
vert water  into  vapour,  will  only 
produce  a partial  difperfion  of  the 
conftituent  principles  of  turpentine, 
blood,  or  milk;  and  will  not  effect 
any  change,  or  diminution  of  weight, 
in  feveral  woods,  metals,  earths,  fairs, 
and  oils.  Thofe  bodies,  which  by 
heat  fuffer  no  diminution  of  their 
weight,  are  faid  to  be  fixed^  and  thofe 
which  do  lofe  of  their  weight,  are 
faid  to  be  volatile ; and  they  are  faid 
to  be  more  or  lefs  volatile,  according 
as  a lefs  or  a greater  degree  of  heat 
is  requifite  for  producing  a fepara- 
tion  of  their  parts.  It  is  obvious, 
that  volatility  belongs  to  moll  bo- 
dies, folid  as  well  as  fluid;  fince  the 
beat  of  the  atmofphere  is  fufficient 
D3  t*-")' 
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to  diminifli  the  weight  of  many,  and 
artificial  applications  of  fuperior  de- 
grees of  heat,  that  of  many  more:  but 
it  is  not  certain,  whether  abfolute  fixity 
belongs  to  any  body  in  nature,  fince 
the  fame  body  which  is  fixed  in  one 
degree  of  heat,  may  become  volatile 
in  another ; ,thus  diamonds,  which 
remain  unchanged  in  a fmall  degree 
of  heat,  may  be  wholly  difiipated  in 
open  veflels  by  a greater;  and  gold, 
which  can  refill  the  moll  violent  fires 
excited  in  our  furnaces,  without  lof- 
ing  any  thing  of  its  weight,  may  not 
be  able  to  fuftain  the  fiercer  adlion  of 
the  folar  rays,  when  united  in  the 
focus  of  a large  burning  glafs. 

, The  fixity  of  bodies  is  not  in  pro- 
portion to  their  hardnefs,  for  a dia- 
mond is  harder  than  a ruby,  yet  a dia- 
mond may,  be  wholly  difiipated  by  a 

degree 
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degree  of  heat,  whicli  produces  no 
manner  of  change  in  a ruby.  We 
are  indebted  to  the  Emperor  Francis 
I.  for  this  experiment.  He  put  dia- 
monds and  rubies,  to  the  worth  of 
fix  thoufand  florins,  into  different 
veflels,  and  expofed  them  to  a vio- 
lent fire  for  24  hours  ; at  the  end  of 
that  time  the  veflels  were  taken  out 
of  the  fire,  and  opened,  and  there 
was  not  remaining  the  leafl  veftige 
of  the  diamonds,  the  whole  had  been 
difllpated;  but  the  rubies  were  found 
to  have  undergone  no  fort  of  change, 
either  with  refpedl  to  colour,  fliape, 
or  weight*. 

Of 

♦ See  Magafin  de  Hamboiirg,  Tom,  xvlii. 
p.  164.  or  an  extrad  in  the  notes  annexed  to 
Jlenckers  Works,  publiflied  at  Paris  in  1760, 
Yol.  II.  p.  413*  — Similar  experiments  have 
D 4 lately 
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Of  evaporation,  volatilization,  fx- 
halation. 

When  folid  or  fluid  bodies  fufTer 
a diminution  of  their  weight,  the 
parts  which  become  volatile  and  fly 
away,  are  faid  to  be  evaporated,  vola- 
tilized, exhaled,  for  thefe  three  terms 
are  often  ufed  promifcuoufly,  though 
it  would  be  an  eafy  matter  to  diftin*- 
guilh  them.  The  parts  themfelves 
are  either  humid,  fuch  are  thofe 
which  are  feparated  from  all  fluids, 
(except  quickfilver)  and  the  watery 
parts  of  folid  bodies*,  or  they  are 
dry,  fuch  are  the  volatile  parts  fepa- 
rated from  marble  or  chalk,  during 
the  burning  of  lime,  from  volatile 

falts,, 

lately l)een  made  in  France:  SeeChymIe  par 
M.  Bourne,  Vol.  L p.  105.  ‘A  good  tranflatiofi' 
of  this  excellent  work  is  much  wanted. 
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faks,  and  refins  of  various  kinds,  by 
the  heat  of  the  atmofphere.  The 
terms,  evaporation,  &c.  as  limply  in- 
dicating a lofs  of  weight,  may  be  ap- 
plied to  both.  Evaporation  is  not 
folely  effedled  by  the  mediation  of 
heat ; ftrong  dry  winds,  in  cold  frofty 
weather,  are  often  more  powerful 
agents  in  promoting  the  evaporation 
of  water,  and  other  fluids,  than  the 
greatefl:  heat  of  the  fun  in  fummer. 
The  fuperficial  parts  of  fluids  are  the 
only  ones  which  are  evaporated  ei- 
ther by  heat  or  air;  and  hence,  in 
fimilar  circumftances,  the  quantity 
evaporated;  in  any  definite  portion 
of  time,  will  be  greater  as  the  fur- 
face  of  the  fluid  is  greater.  For  this 
reafon,  the  pans  in  which  brine  is 
boiled  for  the  making  of  fait,  and 
the  pits,  in  which  fea.  water  is  eva? 

porated 
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porated  by  the  fun  and  air  for  the 
lame  end,  are  ufually  made  very 
lhallow,  and  of  a large  area ; and  a 
proper  attention  to  this  circumftance 
might  be  ferviceable  to  fugar  bakers, 
confedlioners,  and  other  artifts,  who 
are  under  a neceffity  of  evaporating 
large  quantities  of  water.  However, 
as  a fluid  contained  in  a deep  veflel, 
when  heated  to  a certain  degree,  re- 
tains its  heat  longer  than  it  would 
do,  if  it  was  fpread  over  a fliallower 
veflel,  and  heated  to  the  fame  de- 
gree*, it  may  become  a doubt,  whe- 
ther the  quantity  evaporated  in  con- 
lequence  of  its  retaining  heat  longer, 
may  not  be  equal  to,  or  exceed  the 
quantity  evaporated  from  the  flvallow- 
er  veflTel,  in  confequence  of  its  larger 
furface.  It  might,  perhaps,  be  an 
ufeful  problem  to  determine,  by  more 

ac- 
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accurate  experiments  than  any  which 
have  been  hitherto  made,  the  length, 
breadth,  and  depth  of  a veflel  which, 
with  the  confumption  of  a definite 
quantity  of  fuel,  would  evaporate 
the  greateft  poffible  quantity  of  any 
fluid  in  a certain  time. 

Of  dif  illation  and  fublimation. 

Though,  in  the  procefs  of  evapo- 
ration, the  volatile  parts  of  bodies 
are  ufually  difperfed  in  the  air,  and 
the  remaining  ones  only  preferved, 
yet  it  often  becomes  necelTary  to  col- 
ledt  the  volatile  parts  themfelves ; 
when  this  is  the  cafe,  proper  veffels 
are  made  ufe  of  for  the  purpofe,  and 
the  operation,  if  the  parts  are  fluid, 
is  called,  difiillation,  from  their  being 
colledted  drop  by  dxo'p,JiiUatm.  If 
the  volatile  parts,  when  cdllecfied. 


are 
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are  dry  and  in  a concrete  form,  the 
procefs  is  called,  fublimation,  from  the 
parts  being  driven  upwards  by  the 
force  of  the  fire,  and  colleftcd  at  a 
diftance  from  the  remaining  parts. 
The  volatile  parts  thus  colle<fled, 
may  in  general  be  called  fublimates  ; 
they  are  of  different  confifiences, 
fome  being  in  hard  maffes,  others  in 
the  form  of  a fine  powder.  Chemifts 
have  agreed  to  apply  the  name  of 
fublimate^  to  fuch  as  are  in  confiftent 
mafles,  the  others,  they  call  flowers: 
thus  we  hear  of  corroftve  fublimale., 
and  of  fiOwers  'of  fulphur.  The  foot 
of  a chimney,  is  a matter  fublimed 
from  the  fuel,  and,  it  comes  under 
the  denomination,  of  flowers,  or  fub- 
limate,  according  as  it  is,  of  a pow- 
dery or  confiftent  appearance.  Du- 
ring the  fmelting  of  lead  ore,  that 

imp.d- 
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impalpable  fubftance,  which  iffues 
out  of  the  chimney  of  the  furnace, 
and  falling  upon  the  adjoining 
grounds,  renders  the  grafs  unwhole- 
fome  for  cattle,  mayproperly  j3e  call- 
ed the  flowers  of  lead  ore.  This  di- 
ftindtion  between  diftillation,  as 
collefting  the  fluid,  and  fublimation, 
as  collefting  the  folid  parts  of  bodies, 
is  not  always  fcrupuloufly  adhered 
to:  fmce  the  beft  authors  fpeak  of  the 
diftillation  of  fulphur,  and  of  other 
bodies  whofe  volatile  parts  are  dry. 

The  .chemifts  ufually  diftin- 
guilh  diftillation  into  three  kinds, 
according  to  the  different  manners 
in  which  the  diftilled  vapour  is  col- 
lefted.  The  vapour  in  all  cafes  flies 
from  the  fire-,  hence  when  the  fire  is 
placed  above  'the  veffel  which  con- 
tains the  matter  to  be  diftilled,  the 

vapour 


( 62  ) 

vapour  in  efcaping  from  the  fire,  will 
defcend,  and  being  colledled  in  a 
proper  veflfel,  the  diftillation  is  faid 
tobemade,p^r^(f/ff«/«w,  by  defcent. 
When  the  fire  is  placed  under  the 
velTel,  containing  the  matter  to  be 
diftilled,  the  vapour  will  afcend,  and 
the  diftillation  is  cdWtdy  per  afcenf unit 
by  afcent ; this  is  the  common  man- 
ner of  diftilling  low  wines,  and  fpi- 
rits.  Befides  thefe  two  kinds  of 
diftillation,  there  is  a third,  which 
ufually  takes  its  denomination  from 
the  form  of  the  veflel,  in  which  the 
matter  to  be  diftilled,  is  put.  This 
veflel  is  bent,  and  hollow,  fomewhat 
refemblinginlhape,  a bullock’s  hornj 
it  is  from  thence,  called  by  the  F rench', 
a corme\  more  generally,  from  its 
curved  ftiape,  a retort.  The  lower 
and  more  capacious  part  of  the  retort 
• is 
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is  called  its  belly;  this  is  fometimes 
made  almoft  globular,  that  it  may 
contain  the  more ; the  tapering 
crooked  part,  is  called  its  neck,  and 
this  part  is  joined  to  the  belly,  with 
various  degrees  of  obliquity,  accord- 
ing to  the  ufe  to  which  the  retort  is 
defigned.  A large  pear,  with  a long 
bent  neck,  may  give  an  idea  of  the 
fhape  of  a retort.  The  matter  to  be 
diftilled,  be  it  liquid  or  folid,  is  put 
in  at  the  neck : it  defcends  into  the 
belly  of  the  retort ; the  heat  is  appli- 
ed to  the  belly,  the  vapours  in  flying 
from  the  heat,  ftrike  againfl;  the 
•upper  fide  or  roof,  as  it  is  called,  of 
the  retort;  finding  no  exit  there, 
they  are  forced  out  laterally  through 
the  neck;  the  neck  of  the  retort,  is 
clofely  joined  to  another  hollow  vef- 
fel,.  which  from  its  office,  in  colled:- 
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ing  the  diftilled  vapour,  is  called  the 
receiver  or  recipient  \ the  diflillation 
is  faid  to  be  made,  per  latus^  by  the 
fide,  or  per  retortam,  by  the  retort. 
The  retorts  are  made  of  various  ma- 
terials, as  of  glafs,  iron,  earth,  ac- 
cording to  the  degree  of  heat,  to 
which  they  are  to  be  expofcd. 

It  is  not  certainly  known,  wlien, 
or  by  whom,  the  art  of  diftilling  was 
firft  found  out.  A diligent  fearcher 
into  antiquity,  informs  us,  “ that 
about  the  year  1150,  the  Moors  of 
Spain,  firft  introduced  the  art  of 
diftillery  into  die  weft  of  Europe, 
they  having  learned  it  from  the' Afri- 
can Moors,  who  had  it  from  the  E- 
gyptiansj  but  how  long  before  the 
' faid  African  Moors  had  been  in  pof- 
feflion  of  this  curious  art,  does  not 
clearly  appear.  Certain  it  is  that 

this 
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this  art  was  not  known  to  the  an- 
cient Greeks  and  Romans,  fince  nei- 
ther Pliny,  nor  any  other  Latin  or 
Greek  author  makes  mention  of  it  *.’* 

To  me  it  feems  probable,  that  the 
art  of  fublimation  was  known  before 
that  of  diftillation.'  The  term  akm- 
bk  or  alambiCy  is  compounded  of  the 
Arabic  particle  al  (the),  and  the 
Greek  word  ainbix^  a kind  of  cup,  or 
cover  of  a pot;  it  is  now  ufed  to 
denote  the  whole  of  a certain  diftil- 
ling  apparatus  ; it  formerly  denoted 
only  one  part  of  it,  namely  the  head, 
or  that  part  in  which  the  diftilled 
matter  was  collefted.  Diofcorides  is 
thought,  by  Suidas,  to  liave  been 
phylician  to  the  celebrated  Qiieen 
Cleopatra  he  certainly  knew  the 
manner  . of  fubliming  quickfilver 

from 

* Anderfon  on  Comm.  Vol.  I.  p.  S3. 
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from  its  ore,  and  he  calls  that  part 
of  the  apparatus,  in  which  the  fub- 
limed  quickfilver  was  colledted, 
ambix**,  the  addition  of  a fpout  or 
beak  to  his  ambix,  would  have  fur- 
nilhed  him  with  a complete  inftrii- 
inent  for  diftilling,  as  well  as  fublim- 
ing.  But  no  one  who  confidcrs,  how 
near  the  ancients  were  to  the  difco- 
veryof  printingwithout  findingitout, 
can  be  furprifed  at  their  knowing  fu- 
blimation,  and  at  the  fame  time  being 
ignorant  of  dillillation  j for  that  Diof- 
corides  was  ignorant  of  the  art  of 
diftilling,  may  be  reafonably  conjeft- 
ured,  when  we  confider  the  fad  (hift 
he  was  put  to,  in  order  to  colled  an 
oil  which  arofe  from  boiling  pitch ; 
he  orders  a clean  fleece  of  wool  to  be 
ftfetched  over  the  pot  in  which  the 

pitch 

* L.  v.-e.  1 lo. 
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pitch  was  boiled,  and  the  oil  to  be 
prefled  out  of  the  wool,  as  often  as 
it  became  fufficiently  wet  with  it. 

It  mull:  be  owned,  that  this  argu- 
ment is  not  intirely  conclufive  againft 
the  opinion  of  thofe,  who  think  that 
the  art  of  diftillation  was  known  to 
the  more  ancient  Greeks  and  Romans. 
For  Diofcorides  might  have  had  his 
reafons,  for  making  ufe  of  the  con- 
trivance here  mentioned,  though  he 
had  been  acquainted  with  diililla- 
tion.  It  feems  nioft  natural  to  ex- 
pe6t  fome  account  of  this  procefs  in 
the  writings  of  the  phyficians  Hip- 
pocrates and  Galen,  had  they  been 
acquainted  with  it;  but  there  are  no 
paflages  in  their  works,  from  which 
any  certain  conclufion  can  be  drawm 
klative  to  their  knowledge  of  this 
operation.  Geber,  the  Arab,  was 
E 2 well 
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well  acquainted  witt  it,  for  he  has 
given  us  a chapter  on  the  iubjed,  in 
which  he  lays  down  rules  for  diftil- 
ling  fcr  defcenfum,  and  -per  afcenfum, 
but  he  fays  nothing  of  diftillation 
per  retortam.  But  diftillation  was 
known,  to  the  Egyptians  at  Icaft, 
fome  centuries  before  the  age  of  Ge- 
ber-,  for  Zofimus  of  Panopolis  in 
Egypt,  who  lived  in  the  fourth  cen- 
tury after  Chrift,  if  r.ot  fooner,  has 
exhibited  fome  figures  of  a dillilling 
apparatus  *. 

Of 


* Thefe  figures  may  be  feen  in  Borrichius’ 
Ilermetis  et  ^gyptlorum  fapientia,  p.  156, 
The  word  C hernia  firft  occurs  in  the  works  of 
this  Zofimus.  He  fays,  though  one  may 
wonder  whence  he  got  his  information,  that 
it  was  in  ufe  before  the  deluge,  and  diat  it 
fio-nifies  fomething  concealed.  The  Arabic 
tongue,  according  to  Bochart,  furnifhes  us 

with 
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Of  dephlegmatiou,  concentration ^ 
rcSiification. 

The  word  phlegm.,  ufoally  denotes 
the  moll  watery  parts  of  bodies,  and 
when  thel’e  parts  are  feparated,  either 
wholly,  or  in  a great  degree,  either 
by  dittillation  or  fublimation,  the 

bodies 

with  the  word  Kemi  fignifylng  concealment, 
and  thence  he  derives  Ckernia,  rather  than 
from  Cham  the  Hebrew  root.  Egypt  is  call- 
ed by  Plutarch  in  OJiride,  Chemia,  which 
Ortelius  expounds  for  Chamia,  from  Cham 
the  fon  of  Noah.  As  the  Arabians  do  not 
always  copy  exadly  the  proper  names  they 
borrow  from  the  Hebrew ; may  it  not  be 
conjedlured,  that  the  Arabic  Kemi  fignifying 
concealment,  was  introduced  into  that  lan- 
guage, from  the  fecret  and  hieroglyphic 
manner,  in  which  the  prieds  of  Cham 
(Egypt,)  concealed  their  knowledge  of  che- 
midry  and  other  arts  ? 
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bodies,  be  they  folid  or  fluid,  are 
faid  to  be  dephlegmated.  When  the 
watery  parts  of  any  compound  fluid, 
are  by  any  means  taken  away,  tlie 
remaining  parts  approach  nearer  to 
each  other,  and  may  on  that  account 
be  faid  to  be  concentrated-,  though 
the  term  concentration  is  chiefly  ap- 
plied to  the  feparation  of  water  from 
acid  liquors.  It  frequently  happens 
that  the  produdls  obtained  by  one 
operation,  are  not  fufficiently  pure 
and  homogeneous,  and  that  a fecond 
or  third  diftillation  or  fublimation, 
becomes  neceflTary  to  exhibit  them  in 
a proper  form : this  procefs  of  puri- 
fying the  fame  body,  how  often  fo- 
ever  it  be  repeated,  is  called  re£tiji- 
cation.  Thus  when  we  hear  of  an 
oil,  or  volatile  fait,  eight  or  ten  times 
redlified,  we  are  to  underftand  that 
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it  has  been  fo  often  rediftllled  or  re- 
fublimed.  If  the  impurity,  to  be 
taken  away,  be  a fimple  phlegm, 
it  is  obvious  that,  the  terms  reflifi- 
cation,  concentration,  and  dephleg- 
mation,  may  be  fynonymous;  and  in- 
deed they  are  often  ufcd  promif- 
cuouQy.  Thus  weak  vinous  fpirits, 
and  weak  vinegars,  are  recdiified,  con- 
centrated or  dephlegmated  by  frofti 
for  the  water  contained  in  thefe  fluids 
being  frozen  and  taken  away  in  the 
form  of  infipid  ice,  the  remaining 
fluids  become  ftronger. 

Of  the  degrees  of  beat  commonly 
ufed  in  chemifry. 

From  what  has  been  faid  relative 
to  the  fixity  and  volatility  of  bodies, 
it  may  readily  be  conceived,  that  the 
operations  of  difliillation,  and  fubli- 
E 4 mation 
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mation,  by  which  the  volatile  parts 
..of  bodies  are  collected,  will  require 
different  degrees  of  heat,  according 
to  the  nature  of  the  body,  v^hofe 
parts  are  to  be  difliiled  or  fublimed. 
.It  would  be  endlefs  to  enter  into  all 
the  fancies  and  contrivances  of  che- 
niifts  upon  this  fubicct ; yet  there  are 
four  modes  of  applying  heat,  whicli, 
though  they  are  not  fo  well  defined^ 
that  the  degrees  of  each  can  be  accu- 
rately afcercained,  ought  to  be  parti- 
cularly noticed,  — the  heat  of  botling 
water  •,  — a Jand  heat ; — a naked  fire 
heat  \ — and  a fclar  heat. 

Water,  highly  redlified  fpirits  of 
wine,  and  other  homogeneous  fluids, 
-.cannot  be  heated  in  open  veffels,  and 
in  a given  ftate  of  the  air  beyond  acer- 
-tain  degree  peculiar  to  each.  As  foon 
-as  they  fully  boil,  no  continuance  or 


in- 
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inc'reafe  of  fire,  can  communicate  to 
them  any  increafe  of  heat ; hence  a 
veflel,  containing  a body  to  be  di- 
ftilled,  being  expofed  to  the  adion  of 
boiling'  water,  all  the  parts  of  the 
body  which  are  volatile,  with  the 
degree  of  heat  in  which  water  boils, 
will  be  elevated  from  the  body*,  and 

may 

* This  obfervatlon  is  not,  probably,  per- 
fe£lly  juft.  — It  is  a very  remarkable  pheno- 
menon, that  a veftel  containing  water  will 
never  boil,  how  long  foever  it  be  expofed  to 
the  action  of  boiling  water.  The  reader  may 
.convince  himfelf  of  this  by  an  cafy  experi- 
ment. Fill  a common  bottle  with  water,  put 
the  bottle  thus  filled  into  a pan  of  water,  fo 
that  the  mouth  of  the  bottle  may  be  a little 
above  the  water  in  the  pan  ; fet  the  pan  on 
the  fire,  and  when  the  water  in  the  pan  boils 
in  the  moft  violent  manner,  that  in  the  bot- 
tle will  be  obferved  not  to  boil,  and  if  its 
heat  be  examined  by  a thermometer  of  Fah- 
renheit’^ 
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may  be  collefted  in  proper  velTcls, 
whilft  the  other  parts,  if  the  body 
confifts  of  different  principles,  will 
remain  at  the  bottom  of  the  veflel. 
This  heat  of  boiling  water  is  one  of 
the  moil  definite  degrees  known  in 
chemiffry  •,  there  arc  many  delicate 
operations, cfpecially  on  vegetables,  in 
which  it  would  be  improper  to  ufe  fo 
great  a heat  as  that  of  boiling  water-, 
but  it  is  not  neceflary  to  enlarge  up- 
on 

renhcit’s  fcale,  it  will  not  be  found  to  amount 
to  above  202  degrees,  whilft  that  of  the  boil- 
ing water  in  the  pan  is  212  degrees.  Hence 
it  ftiould  feem,  that  bodies,  diftilled  in  vefteis 
expofed  to  the  adion  of  boiling  water,  do  not 
experience  the  heat  of  boiling  water.  This 
phenomenon  is  mentioned  from  Bartholin’s 
Ada  Meciica,  in  the  Philof.  Tranf.  for  1673, 
No.  97.  — See  alfo  Profeftbr  Braun’s  Exper- 
Nov.  Comm,  Petrop.  Tom.  XII.  p.  289. — 
and  Rozier’s  Journ.  1775% 


( IS  ) 

on  this  obfervation  in  this  place. 
Boiling  mercury,  boiling  lead,  boil- 
ing copper,  would  afford  other  defi- 
nite degrees  of  heat-,  and  boiling  oil 
might  be  very  properly  ufed  as  a 
mean  of  diftilling  bodies,  notwich- 
ftanding  that  oil  thickens  in  boiling, 
and  thereby  becomes  hotter  as  the 
more  fubtle  parts  are  difperfed. 

There  are  many  bodies,  and  parts  of 
bodies,  which  cannot  be  rendered  vo- 
latile by  the  heat  of  boiling  water; 
thefe  are  iifually  diftilled  by  immerf- 
ing  the  veffel  containing  them  in 
fand,  and  applying  the  fire  fo  as  to 
heat  the  fand;  for  the  fand  gradually 
communicates  its  heat  to  the  veffel 
which  it  touches : the  fand  is  gene- 
rally put  into  an  iron  pot;  it  is  evi- 
dent, that  the  fire  which  is  employ- 
ed to  heat  the  pOt,  may  communi- 
cate 
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cate  any  degree  of  heat  to  the  fand, 
from  the  fmallefl;,  to  that  which  is 
iiifficient  to  melt  the  iron,  fo  that  it 
would  no  longer  hold  the  land. 
When  the  heat  is  communicated  to 
the  velTel,  containing  the  body  to  be 
diimied,  through  any  medium,  as 
that  of  boiling  water,  or  hot  fand, 
the  body  is  faid  to  be  diftilled  in  a 
■water  bath,  or  fand  bath,  the  che- 
mifts  having  agreed  to  call  the  me- 
dium, ferving  for  the  communication 
of  heat  to  the  diftilling  or  fubliming 
veflel,  a bath ; and  formerly,  befides 
water  and  fand,  they  ufcd  vapour, 
iron  filings,  wood  afhes,  &c.  for  this 
purpofc. 

When  neither  the  Iieat  of  boilina: 

O 

water,  nor  of  ignited  fand,  is  fuf- 
ficient  to  ieparate  the  volatile  parts 
of  a body  from  the  remainder; 
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the  veffel  containing  the  body  is  ex- 
pofed  to  a naked  fire;  that  is,  it  is 
furrounded  with  burning  fuel,  and 
by  a contrivance  in  the  fbrudlure  of 
the  furnace,  the  flarhe  of  the  fuel  is 
often  made  to  reverberate  upon  it. 
This  degree  of  heat  is  alfo  indefinite, 
it  may  be  augmented,  by  bellows  and 
other  means,  to  fuch  a pitch  as  to 
melr  the  furnace  containing  the  fuel, 
or  the  vefiTel  containing  the  body  to 
be  diftilled.  The  degree  of  heat 
which  may  be  excited  in  furnaces  is 
undoubtedly  very  great,  yet  it  is  far 
inferior  to  that  of  the  fun’s  ravs 
when  collcdled  into  a focus  by  a 
burning  glafs  or  fpeculum : the  force 
of  this  folar  lieat  cannot,  perhaps, 
be  fubjedl  to  any  other  limit,  except 
what  arifes  from  the  difficulty  of 
forming  large  fpeculums. 


Of 
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Of  folution,  faturation  and  chry/l- 
allization. 

When  the  parts  of  a folid  body, 
as  common  fait  or  fugar,  are  fo 
united  to  a fluid,  as  water,  that  they 
compofe  with  it  an  apparently  ho- 
mogeneous fluid,  remain  fufpended 
in  it,  and  do  not  deftroy  its  tranfpa- 
rency,  the  folid  body  is  faid  to  be 
dijfelved  in  the  fluid  the  operation  is 
called  folution  the  fluid,  being  look- 
ed upon  as  the  principal  agent  in 
diflblving  the  body,  (though  all  ac- 
tion is  mutual  and  equal)  is  called 
the  Jolventt  or  more  commonly  ac- 
cording to  feme  filly  or  indelicate 
ideas  of  the  alchemifls,  the  menfim- 
um^  the  compound  refulting  from 
the  union  of  the  fluid  and  the  body, 

is 
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is  called  a folution  of  this  or  that  bo- 
dy, in  this  or  that  menflrmm.  Thus 
we  fpeak  of  a folution  of  common 
fait  or  fugar  in  water,  of  a folution 
of  fulphur  in  oil  of  turpentine,  of 
camphor  in  fpirits  of  wine,  of  filver 
in  aqua  fortis,  and  fo  on.  The  term 
folution  is  alfo  fometimes  applied  to 
the  union  of  two  fluids,  thus  the  air 
is  faid  to  be  diflblved  in  water,  be- 
caufe  all  natural  water  contains  air; 
and  water  is  faid  to  be  dilTolved  in 
air,  becaufe  the  moft  tranfparent  air 
contains  a confiderable  portion  of 
water;  thus  alfo  various  forts  of 
oils  are  faid  to  be  diflfolved  in  fpirits 
of  wine;  and  laftly,  folution  is  applied 
to  the  union  of  two  folid  bodies,  thu, 
glafs  is  a compounded  body  refult- 
ing  from  the  mutual  folution  of  an 
earth  and  a fait. 
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It  may  be  worth  while  to  explain,  a 
little  more  fully,  the  firll  and  moft  ob- 
vious nation  of  folution;  that  in  which 
a folid  body  is  united  to  a fluid.  If 
you  take  an  ounce  of  common  fait, 
and  throw  it  into  a quart  of  water,.!: 
will  fall  to  the  bottom  of  the  water, 
as  an  ounce  of  land  or  chalk  w'ould 
do  •,  but  it  will  not,  like  them,  ftay 
there;  in  a very  little  time,  efpeci- 
ally  if  the  water  be  rtirred,  the  fait 
will  intirely  difappear,  it  will  be  uni- 
formly difperfcd  through  the  whole 
body  of  the  water,  no  one  drop  of 
water  will  contain  more  particles  of 
lalt  than  another,  nor  will  any  of 
them  contain  lb  much  fait  as  it  is 
able  to  do.  For  if  you  add  another 
ounce  of  fait,  that  alfo  will  be  dif- 
folved,  .but  not  quite  fo  fpeedily,  as 
the  firft,  and  that  will  alfo  be  uniformly 

dif- 
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difFufed  through  the  whole  body  of 
the  water,  fo  that  each  drop  of  wa- 
ter will  now  contain  twice  as  much 
fait  as  it  did  before.  This  power 
which  the  water  has  of  taking  up, 
and  keeping  fufpended  the  particles 
of  fait  is  not  unlimited-,  you  may  add 
fo  much  fait  to  it,  that  it  will  not 
dilTolve  one  particle  more:  the  water 
in  that  ftate  is  properly  enough  faid 
to  be  faturated.  All  ocher  menllru- 
ums  are  likewife  faid  to  be  faturated, 
when  they  will  not  take  up  and  keep 
fufpended  any  more  of  the  body 
diflblved  in  them  : thus  a pint  of 
fpirits  of  wine  will  only  take  up  a 
definite  portion  of  camphor;  a pint 
of  oil  of  turpentine  will  only  keep 
dilTolved  a definite  portion  of  ful-  - 
phur  ; and  a pint  of  aqua  fortis  will 
be  fo  faturated  with  a definite  portion 
. VOL.  I.  F of 
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of  filver,  that  it  will  have  no  fort  of 
action  upon  any  additional  quantity 
which  (hall  be  put  into  it. 

We  do  not  know  either  the  fize 
or  the  fliape  of  the  particles  of  wa- 
ter, nor  whether  they  are  contiguous 
to  each  other,  nor  how  they  come  to 
attrafl:  the  particles  of  (alt,  more 
ftrongly  than  they  attrafteach  other; 
but  it  is,  notwithftanding,  to  this 
prevalent  attra^iion,  that  we  attri- 
bute the  (blution  of  the  fait  in  water, 
and  of  every  other  body  in  its  pro- 
per menftruum.  \Ve  are  certain 
that  every  particle  of  water,  attrafts 
' to  itfelf,  and  keeps  fufpended  a par- 
ticle of  fait,  of  a definite  weight ; 
otherwife  an  equal  number  of  thefe 
particles,  conftituting  drops  or  par- 
ticles of  equal  -bulks,  would  not 
have  equal  weights,  nor  conuin 
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equal  quantities  of  fait,  which  we  are 
certain  they  do.  Now  if  we  fuppofe 
a Angle  particle  of  water  to  be  eva- 
porated, or  any  how  taken  away 
from  a faturated  folution  of  fait,  then 
the  particle  of  fait,  which  was  kept 
fufpended  by  the  attraction  of  that 
particle  of  water,  muft  of  nccefllty 
have  a tendency  to  fall  down  to  the 
bottom ; becaufe  every  other  particle 
of  water,  being  fuppofed  to  have  as 
much  fait  united  to  it,  as  it  is  able  to 
fuftain,  can  contribute  nothing  to  its 
fupport ; and  if  inftead  of  one  par- 
ticle of  water,  we  fuppofe  a thou- 
fand,  or  ten  hundred  thoufand  to  be 
evaporated,  then  will  a thoufand,  or 
ten  hundred  thoufand  particles  of 
fait,  be  left  without  any  fubftance  to 
fupport  them  -,  and  having  no  fur- 
rounding  fluid  to  hinder  their  mutual 
F 2 attract- 
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attraflions  from  taking  place,  they 
will  coalefce  together  upon  the  fur- 
face  of  the  folution  from  which  the 
water  has  been  evaporated,  and  by  . 
their  union  conrtitute  afaline  pellicle, 
which  will  be  vifible  to  the  naked 
eye.  This  pellicle,  as  foon  as  it  be- 
comes heavy  enough  to  overcome  the 
tenacity  of  the  fluid  upon  which  it 
floats,  will  by  its  gravity  defcend 
from  thefurface  where  it  was  formed, 
to  the  bottom  of  the  vefTcl  contain- 
ing the  folution,  or  meeting  with  af- 
perities  on  the  Tides,  it  may  attach 
itfelf  in  part  to  them. 

But  the  taking  away  a part  of  the 
diflTolving  fluid,  is  not  the  only  mean/ 
by  which  the  particles  of  the  diflblv- 
ed  body  may  be  made  to  unite:  there 
is  another,  and  in  many  inftances, 
Tull  as  efficacious  a one,  the  taking 
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away  a part,  not  of  the  fiibftance, 
but  of  the  heat  of  the  diflolvino- 

O 

fluid.  Thus  if  you  put  into  a quart 
of  boiling  water,  as  much  faltpetre 
as  it  will  diflblve,  and  filling  a bot- 
tle with  the  boiling  folution,  inftant- 
ly  cork  it  up;  then  you  are  fure 
that  no  part  of  the  water  can  efcape; 
and  if  the  diminution  of  the  quanti- 
ty of  a menftruum  was  the  only  way 
by  which  the  parts  of  the  diflblveJ 
body  could  be  made  to  unite,  then 
would  the  particles  of  the  dilTolved 
faltpetre,  in  this  inftance,  not  unite 
at  all,  fince  there  can  be  no  diminu- 
tion of  the  quantity  of  the  diflblv- 
ing  water;  you  will,  however,  on 
the  contrary,  obferve  the  particles  of 
the  fait  coalefcing  together,  as  the 
■folution  grows  cold,  and  forming 
large  and  regular  cryftals.  — Tiie 
i F 3 word 
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word  cryjlal  is  derived  from  the  Greek 
words  cryos,  froft,  and  JlelL,  to  con- 
traft;  the  ancients  fuppofed  a parti- 
cular mineral  known  by  the  name 
of  rock  cryjlal,  to  be  nothing  but 
congealed  water ; this  mineral  is  of 
a determined  angular  figure,  and 
hence  all  fxlts  and  other  fubftances 
which,  from  being  diflblved  in  men- 
ftruums,  or  fufed  in  fire,  concrete 
into  regular  figures,  are  faid  to  be 
cryjtallized. 

There  are  a great  many  circum- 
llances,  relative  to  the  manner  in 
which  different  falts  cryftallize,  which 
cannot  be  infifted  on,  in  this  place.; 
one  thing  deferves  particularly  to  be 
; remarked,  — that  every  fait  in  cry- 
ftallizing,  invariably  affumes  its  own 
;peculiar  form.  You  may  diffolve 
.common  fair,  or  faltpetre,  a thou- 
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fand  times,  and  cryftallize  them  as 
often  by  evaporating  or  cooling  the 
water  in  which  they  are  diflblved, 
yet  will' you  flill  find  the  common 
fait  will  be  conftantly  cryftallized  in 
the  form  of  a cube,  and  the  fait  petre 
in  the  form  of  a prifm ; and  if  you 
examine  with  a raifcrofcope,  fuch  fa- 
line  particles  as  are  not  vifible  to  the 
naked  eye,  you  will  obferve  thefe 
particles  to  be  of  the  fame  fliape  with 
the  larger  maffes.  The  definite  fi- 
gure appropriate  to  every  particular 
fpecies  of  fait,  may  admit  a little  va- 
riety from  the  accidental  admixture 
of  other  bodies,  or  from  fome  fingu- 
iar  circumftances  attendins:  the  eva- 
poration  and  cryftallization  of  the 
folution ; but  thefe  varieties  are  fo- 
reign to  the  nature  of  the  fait,  and  are 
not  greater  than  what  attend  almoft 
F 4 every 
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every  fpccies  of  vegetables,  and  even 
of  animals,  from  change  of  food  and 
climate. 

Here  a large  field  of  inquiry  opens 
to  our  view  ; and  though  it  be  bet- 
ter, as  Seneca  has  it,  de  re  ipfa  quarere 
quam  mirari'-,  yet  all  our  attempts  to 
invefligate  the  works  of  God,  are 
weak  and  inefFcftual;  we  feel  his  in- 
terference every  where,  but  we  can- 
not apprehend  the  nature  of  his 
agency  any  where.  A blade  of  grafs 
cannot  fpring  up,  a drop  of  rain 
cannot  fall,  a ray  of  light  cannot  be 
emitted  from  the  fun,  nor  a particle 
of  fait  be  united,  with  a never  failing 
fymmetry,  to  its  fellow,  without  him : 
•every  fecondary  caufe  we  difcover,  is 
but  a new  proof  of  the  neceffity  we 
are  under  of  ultimately  recurring  to 
him,  as  the  one  primary  caufe  of 
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every  thing.  Yet  notwichftanding 
this  our  utter  inability  to  fearch  far 
into  the  nature  of  things,  philofo- 
phical  inquiries  are  by  no  means 
without  their  ufe.  He  who  finds  his 
endeavours  to  comprehend  the  works 
of  creation,  checked  at  every  turn; 
who  underilands  that  every  the  mi- 
nuteft  part  ot  this  little  earth,  which 
is  itfelf  nothing,  as  it  were,  when 
compared  with  the  infinity  of  tlie 
divine  works,  is  to  him  one  great 
miracle,  will  not  be  over  zealous  in 
affirming,  that  God  cannot  interfere 
by  his  providence,  in  tlie  management 
of  what  he  hath  made,  or  that  he 
has  interfered  in  this  or  that  parti- 
cular way.  . In  the  .confcious  abafe- 
•ment'of  his  own  intelledt,  which  phi- 
lofophy  will  have  taught  him,  he 
will  be  cured  of  all  attachment  to 
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fyftem,  whether  it  be  a fyllem  of  bi- 
gotry or  infidelity:  he  will  not  be 
fond  of  anathematizing  every  one 
who  cannot  think  with  him  in  reli- 
gious matters ; nor  on  the  other  hand, 
will  he  contend  that  a revelation 
from  God  muft  be  an  impoffibility, 
from  any  abftradl  notions  he  may 
have  framed  of  the  nature  and  works 
of  the  fuprcme  Being.  But  to  return 
to  our  fubjed. 

If  what  has  been  faid  relative  to 
cryftallization,  be  not  perfedly  in- 
telligible to  the  reader,  I would  ad- 
vife  him  to  make  the  following  eafy 
experiment,  which  will  give  him  a 
better  notion  of  the  matter  than  a 
thoufand  words.  Into  a bafon  full 
of  boiling  water,  put  as  much  falt- 
petre  as  the  water  will  take  up;  if 
the  fait  petre  was  purified,  the  tran- 
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fparency  of  the  water  will  not  be  In- 
jured, it  will  ftill  appear  to  be  an 
homogeneous  fluid;  when  the  water 
will  take  up  no  more  fait  petre,  then 
•he  may  conclude  that  it  is  faturated: 
let  it  ftand,  without  being  ftirred, 
till  it  grows  cold;  as  it  cools  a great 
many  cryftals,  all  of  the  fame  fliape, 
may  be  feen  {hooting  out  from  the 
Tides  and  bottom  of  the  bafon,  and 
increafing  in  fize  till  the  I'olution  be- 
comes quite  cold.  When  no  more 
cryftals  can  be  formed,  by  that  de- 
gree of  cold,  which  prevails  in  the 
apartment  where  the  experiment  is 
made,  pour  the  liquor  from  the  folid 
<<cryftals,  this  liquor  is  ftill  faturated 
-with  falLpetre;  and  in  order  to  make 
it  part  with  more  of  its  fait  petre, 
fome  of  the  water  which  keeps  itdif- 
• folved  muft  be  evaporated ; upon  the 
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taking  away  a part  of  the  water,  a 
correfpondcnt  part  of  the  fait  petre 
lofes  the  power  by  which  it  is  fu- 
fpehded,  and  ought,  upon  that  pre- 
fumption,  inftantly  to  fall  to  the  bot- 
tom ; yet  it  muft  be  remembered, 
that  the  water  from  its  increafed  heat 
during  the  evaporation,  is  able  to 
fupport  more  fait  petre  than  if  it  was 
cold,  and  therefore  the  fait  petre  will 
■not  begin  to  cryftallize,  notwith- 
-ftanding  the  lofs  of  part  of  its  men-  • 
ftruum,  till  the  remainder  begins  to 
cool.  By  a repetition  of  this  pro- 
■cefs  of  evaporation  and  cryftalliza- 
fion,  we  may  obtain  all  the  fait  petre 
which  was  at  firft  difiblved,  as  no 
‘portion  of  it  can  be  evaporated  with 
that  degree  of  heat,  which  is  ufed  in 
-evaporating  the  water. 
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Of  mixture  arid  filtration. 

There  is  a difference  between  folu- 
tioA  and  mixluve  fufficiently  obvious, 
though  not  always  attended  to. 
Thus  water  which  fprings  from  chalk, 
has  often,  when  the  fprings  are  low, 
a milky  caft,  arifing  from  fome  very 
fine  particles  of  chalk  which  are 
mixed  with  it,  but  not  dijfolved  in  itj 
for  perfect  folution  is  always  ac- 
companied with  tranfparency.  Briflol 
and  Matlock  waters  are  very  tranfpa- 
rent,  though  they  contain  a large  por- 
tion of  earth-,  but  the  earth  is  in  the 
ftate  of  a, fait,  and  perfeftly  diffolved 
in  them.  Turbid  waters,  turbid  folu- 
tions  of  falts,  and  other  liquors  which 
contain,  mixed  with  their  fubftance, 
any  heterogeneous  matter,  are  puri- 
fied 
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fied  to  a certain  degree  hy  filtration-, 
that  is,  by  being  made  to  pafs  through 
certain  fubdances,  whofe  pores  are 
large  enough  to  give  a paflage  to  the 
particles  of  water,  and  to  the  particles 
of  any  fait  diflblved  in  water,  but 
not  to  the  earthy  or  oily  focculences 
which  may  happen  to  be  mixed  with 
it.  The  fubftances  made  ufe  of  are 
called  filters ; they  are  either  fand,  or  a 
porous  kind  of  done,  thence  called 
a filtering  done,  or  flannel,  or  linen, 
or  leather,  or  brown  paper,  into  the 
compofition  of  which  no  fize  has 
entered ; this  lad  fubdance  is  gene- 
rally ufed  in  fmall  chemical  experi- 
ments ; it  is  made  up  into  a conical 
form,  and  placed  in  a funnel,  or  other 
convenient  indrument  to  fupport  it. 
Filters  are  ferviceable  indruments, 
not  only  for  the  purifying  of  liquors, 

but 


( 95  ) 

I 

but  for  the  feparating  of  any  kind  of 
fait  from  a mixture  of  fait  and  earth, 
and  enabling  us  to  afcertain  the  pro- 
portion of  fait  and  earth  contained  in 
any  propofed  fpecimen.  An  inftance 
will  illuftrate  my  meaning.  It  is 
commonly  known,  that  wood  afhes, 
fern  afhes,  and  the  afhes  of  moft  ve- 
getables confift  partly  of  a particular 
kind  of  fait,  partly  of  earth.  Sup- 
pofe  it  was  required  to  determine  the 
proportion  of  fait  and  earth,  con- 
tained  in  any  fpecimen  of  afhes,  the 
procefs  muft  be  conduced  in  the 
following  manner : — Take  a pound 
of  the  alhes,  previoufly  well  dried, 
boil  them  in  a quart  of  water,  pour 
the  water  and  the  afhes  into  a filter, 
the  water  will  pafs  through  the  fil- 
ter, bringing  with  it  the  fait  con- 
tained in  the  afhes ; for  water  dif- 
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folves'  all  kinds  of  fait,  and  no  kind 
of  earth : the  earth  therefore  of  the 
afhes  will  be  left  in  the  filter-,  wafli 
the  earth  remaining  in  the  filter,  by 
pouring  upoi\  it  hot  water,  till  the 
water  in  filtering  through  it,  comes 
off  wholly  without  tafcc;  then  eva- 
porate all  the  water  in  which  t!ie 
allies  were  boiled,  and  with  which 
the  earth  in  the  filter  was  walked, 
and  when  all  the  water  is  dilTipated, 
there  will  be  left  a greyifh  kind  of 
fait,  of  a very  pungent  talle.  When 
this  fait  has  been  dried,  as  much  as 
the  afhes  were,  it  muft  be  weighed 
whim  warm  from  the  fire,  and  its 
weight'  noted ; then  dry  in  the  fame 
manner  the  earth  remaining  in  the 
filter,  and  the  weight  of  the  earth 
thus  dried,  added  to  the  weight  of 
the  fait,  which  has  been  extrafted, 
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will,  when  the  experiment  has  been 
properly  made,  amount  to  the  weight 
of  the  alhes  employed  in  making  it. 

Of  the  analyfs  of  bodies. 

Moft  of  the  bodies  which  we  meet 
with  upon  the  furface  of  the  earth  or 
below  it,  are  compounded  of  hetero- 
geneous principles;  thefc  principles 
muft,  in  many  inftances,  be  feparated 
from  each  other,  before  either  the 
nature  of  the  body  can  be  properly 
underftood,  or  the  principles  them- 
felves  be  applied  to  any  ufeful  pur- 
pofe.  Thus  the  juice  muft  be  prelT- 
ed  from  the  earthy  part  of  the  grape, 
the  ■'fugar-cane,  and  the  olive,  before 
we  can  obtain  either  wine,  fugar,  or 
olive  oil.  The  faline  matter  muft 
be  extraded  from  the  earthy  part  of 
VOL.' I.  G the 
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the  aflies  mentioned  in  the  laft  ex- 
periment, before  it  can  in  many  cafes 
become  ufeful  as  a fait.  Sulphur  or 
arfenick,  or  both,  muft  in  many  in- 
ftances  be  feparated  from  the  ores  of 
metallic  fubftances,  with  fingular 
care,  before  the  metallic  fubftances 
themfelves  can  become  articles  of 
commerce ; or  even  before  their  ex- 
iftcnce,  .as  conftituent  parts  of  the 
ores,  can  be  made  apparent.  Many 
bodies,  without  any  affiftance  from 
art,  fpontaneoufly  refolve  themfelves 
into  diftindl  principles  •,  thus  blood, 
by  ftanding,  becomes  feparated  into 
a watery  fluid,  and  a red  flefhy  fub- 
ftance;  milk  refolves . itfelf  in  like 
manner  into  cream,  into  curd,  and 
into  whey.  The  procefs  by  which- 
the  heterogeneous  parts  of  a com*, 
pound  body  are  feparated  from  each 
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other,  whether  it  be  carried  oii  by  na- 
ture or  art,  may  be  called  the  anahfis, 
. refolution,  or  decompojition  of  the  body. 

It  frequently  happens,  that  the 
parts  feparated  by  one  analyfis,  are 
themfelves  compounded  bodies,  and 
capable  of  being  refolved,  by  a fur- 
ther procefs,  into  more  Ample  prin- 
ciples. Juft  as  in  language,  a fen- 
tence  may  be  refolved  into  words, 
words  into  fyllables,  and  fyllables 
into  letters  •,  fo  in  the  decompofition 
of  natural  bodies,  we  at  laft  arrive  at 
principles  which  do  not  admit  any 
further  refolution  or  change.  Thefe 
fimple,  unchangeable  principles,  arc 
called  elements',  and  it  may,  from' 
what  has  been  advanced,  be  readily 
apprehended,  that  the  fame  fubftance 
may  be  efteemed  an  element  by 
one  man,  which  is  not  fo  efteemed 
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l3y  another,  according  to  the  differ- 
ence of  their  fkill  exerted  in  the  ana- 
lyfis  of  bodies. 

Of  chemical  dementi. 

By  chemical  elements,  which  arc 
the  lad  produfts  of  chemical  analy- 
fis,  we  are  to  underfland,  not  very 
minute  indivifible  particles  of  matter, 
but  the  fimple  homogeneal  parts  of 
bodies  which  are  not  capable,  as  far 
as  our  experience  teaches  us,  of  any 
farther  refolution  or  divifion,  except 
in  a mechanical  fenfe,  into  fimilar 
parts  lefs  and  lefs  without  end,  as 
water  into- vapour  more  or  lefs  fub- 
tile  and  attenuated.  Ariftotle  and 
his  followers,  elteemed  earth.,  dir^Jire^ 
and  water,  to  be  elements,  fimple  and 
uniform  in  their  feveral  kinds,  elfen- 
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tially  diftinft,  and  utterly  incapable 
of  being  converted  into  one  another, 
yet  eafily  uniting  together,  and  by 
their  different  arrangements,  propor- 
tions, and  mixtures,  compofing  every 
body  in  the  univerfe.  Many  mo- 
dern chemifts  have  adopted  this  idea; 
others  have  increafcd  the  number  of 
elements,  by  adding  a faline  princi- 
.ple;  others  have  contended,  that 
fome  of  thefe  elements,  air  and  fire 
for  inftance,  are  themfelves  com- 
pound bodies ; and  others,  laftly,  are 
perfuaded,  that  there  is  only  one 
elementary  homogeneal  matter,  and 
that  all  the  varieties  of  bodies,  as 
well  as  of  what  are  commonly  efteem- 
. ed  elements,  ought  to  be  attributed 
to  the  different  magnitudes  and  fi- 
gures of  the  particles  compofing 
- them ; and  as  the  component  parts 
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of  water  and  air,  or  any  other  body, 
•are  by  no  means  fuppofed  to  be  ele- 
mentary' particles  of  matter,  but  to 
be  made  up  of  different  numbers  of 
elementary  particles  arranged  in  dif- 
ferent forms,  it  may  be  thought  pro- 
bable, that  mechanical  caufes  may 
either  diminifh  or  augment  the  num- 
ber, or  change  the  difpofition  of  the 
•particles,  and  thus  effed  the  feveral 
varieties  obfervable  in  nature. 

■ It  would  be  improper  in  this  place 
' to  enlarge  on  a fubjed,  concerning 
which  both  ancient  and  modern  phi- 
lofophers  have  been  fo  much  divided 
in  opinion  ; -Their  great  diverfity  of 
fentiment  miay  fuggeft  a fufpicion, 
- that  the  full  comprehenfion  of  it  does 
not  fall  within  the  reach  of  the  hu- 
man underftanding.  The  following 
cbfervation  riiay,  perhaps,  tend  a lit- 
tle 
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tie  to  illuftrate  this  matter.  Let  us 
fuppofe,  that  this  terraqueous  globe 
was  not  furrounded  with,  any  air  or 
atmofphere,  and  that,  by  an  approach 
to  the  fun,  or  an  increafe  of  the  fub- 
terraneous  fires,  by  fome  means  or 
other,  it  fhould  become  expofed  to 
a heat  four  times  greater  than  the 
medium  heat  of  our  fummer,  which 
we  may  reckon  to  be  about  6o  de- 
grees of  Fahrenheit’s  thermometer; 
then  would  an  atmofphere  be  quickly 
formed  around  it : all  the  water  up- 
on its  furface,  pioft  of  the  juices  of 
plants,  and  animals,  and  a great  va- 
riety of  mineral  parricles,  would  be 
raifed-up  in  vapours  and  exhalations, 
and  whilft  the  heat  continued  would 
- be  kept  fufpended  in  an  elaftic  ftate, 
-and.conftitute  an  atmofphere  analo- 
gousj  as  it  may  reafonably  be  ima- 
‘ . G 4 gined. 
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gined,  to  the  chaotic  ftate  of  our 
prefent  atmofphere,  only  differing 
from  it  in  this ; that  it  would  require 
a greater  degree  of  heat,  in  order  to 
keep  the  particles  of  matter  from 
coalefcing  into  one  heterogeneous 
mafs.  Again,  in  the  prefent  ftate  of 
the  atmofphere,  fuppofe  that  a great 
degree  of  cold  fhould  continue  un- 
abated for  any  length  of  time*,  alk 
.the  water  upon  the  furface  of  the 
earth  would  be  changed  into  a folid 
tranfparent  ftone,  which  might  be 
dug  out  of  its  quarry,  and  employed 
in  building,  as  well  as  marble,  or  any 
other  fpecies  of  ftone;  all  the  parti- 
cles of  air  would  be  brought  clofer 
.together,  fome  of  them,  which  were 
,the  leaft  elaftic,  would  be  re-united, 
and  imagining  the  cold  to  be  inde- 
finitely iiicreafed,-  what  reafbn  can 
, . there 
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there  be  againR  fuppofing  that  thc- 
whole  atmofphere  would  be  reduced 
.into  a folid  ftate,  forming  an  hetero- 
geneous cruft  upon  the  furface  of 
the  earth ! The  thicknefs  of  this  cruft,, 
fuppofing  it-  to  be  as  denfe  as  mar- 
ble, would  be  about  four  yards.  It 
will  eafily  be  underftood,  that  water, 
and  air,  and  earth,  are^  upon  this  hy- 
.pothefis,  but  variations  of  the  fame 
element  introduced  by  heat. 

That  the  atmofphere,.  which  fur- 
rounds  the  earth,  was  originally  form- 
,ed  from  the  chaotic  mafs,  by  having 
the  more  fubtile  parts,  of  which  that 
mafs  confifted,  elevated  and  put  into 
,an  elaftic  ftate  by  means  of  heat, 
feems  not  altogether  improbable.. 
We  find  the  atmofphere  or  firma- 
, ment  immediately  fucceeding  the  for- 
. mation  of  light  j now,  if  the  effedt  of 

that 
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that  light  was  heat,  be  the  form  or 
matter  of  it  what  you  pleafe,  then 
would  fuch  particles  of  the  fhapelefs 
jumble,  as  were  capable  of  being  eva- 
• porated  with  that  degree  of  heat,  be 
elevated  in  an  elaftic  ftate,  and  a di- 
vifion  or  feparation  would  be  made 
in  the  midft  of  the  great  abyfs,  be- 
tween the  waters  which  were  of  a 
nature  fubtile  enough  to  be  convert- 
ed by  that  degree  of  heat  into  an 
elaftic  fluid,  conftituting  the  firma- 
ment or  atmofphere,  and  the  waters 
which  could  not  be  evaporated  in 
that  degree  of  heat,  but  ftill  remain- 
. ed  covering  the  furface  of  the  globe, 
being  not  collefled  into  one  place, 

. that  the  dry  land  might  appear,  till 
the  third  day.  This  notion  of  the 
atmofphere  and  its  formation,  feems 
to  be  conformable  enough  to  New- 
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ton’s  opinion,  exprefled  in  his  letter 
to  Mr.  Boyle.  “ I conceive  the  con- 
fufed  mafs  of  vapours,  air,  and  exha- 
lations,whi9h  we  call  the  atmofphere, 
to  be  nothing  elfe,  but  the  particles  of 
all  forts  of  bodies,  of  which  the  earth 
confifts,  feparated  from  one  another, 
and  kept  at  a diftance  by  the  faid  prin- 
ciple*.” — a principle  of  repulfion. 

• Boyle’s  Life  prefixed  to  the  fol.  edit,  of 
his  Works,  71 » 
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Of  faline  Subfances, 

IT  may  be  expefted  that  this  dif- 
quifition  fhould  be  commenced 
by  giving  a rigid  definition  of  the 
term  fait,  or  faline  fubftance.  But 
• the  cornplex  ideas  of  natural  fub- 
ftances  are  not  fubjedl  to  very  de- 
-finite  defcriptions;  nature  in  her  fe- 
•veral  produflions,  proceeds  by  im> 
perceptible  gradations,  -feldom  leav- 
ing any  decifive  marks,  by  which 
we  can  invariably  difcriminate  them 


into 
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inlo  forts.  The  two  moft  general 
ideas  which  appertain  to  the  word 
fait,  are  fapidity  and  Jolubilily  in  wa- 
ter, and  fome  add,  want  of  inflamma- 
bility in  fire.  Every  fubftance  folu- 
ble  in  water,  and  affedling  the  organ 
of  tafte,  with  a fenfation  different 
from  that  excited  by  its  weight,  may 
be  called  a fait;  I am  fenfible  that 
this  defcription  of  a fait  cannot  in 
all  cafes,  be  clofely  adliered  to, 
without  confounding  things  fuffi- 
ciently  diftinft.  Copper  by  long 
maftication  excites  a naufeous  tafle, 
and  by  lying  long  in  water  it  is  in 
part  diffolved  in  it,  and  yet  we  are 
not  accuftomed  to  clafs  copper  a- 
mong  faline  fubftances. 

If-  anv  one  fhould  wifh  to  extend 
the  meaning  of  the  term  fait,  by  ap- 
plying it  to  all  bodies  which  have 
' regular 
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regular  figures,  from  fome  obfcure 
notion,  that  a faline  principle  is  the. 
uoiverfal  caufe  . of  cryftallization, 
then  a variety  of  fpars  and  precious 
ftones,  glalTes,  and  metallic  fub- 
Itances,  which,  are  neither  fapid  nor 
foluble  in  water,  would  be  rightly 
denominated  falls ; and  water  itfelf, 
when  concreted  into  ice,  would  come 
under  the  fame  appellation.  But 
leaving  this  more  enlarged  fignifi- 
vcation  of  the  word  fait,  to  the  con- 
templation of  thofe  who  are  ftudious 
in  the  formation  of  fublime  fyftems 
of  nature-,  and  confining  ourfelves  to 
■the  more  obvious  properties  of  fapi- 
dity  and  folubility  in  water  as  cha- 
rafteriftic  of  faline  fubftances,  we 
may  proceed  to  obferve  that  all  falts 
may  be  reduced  to  one  or  other  of 
the  three  following  kinds,  they  are 

either 
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'either,  — acid  falts  — alkaline  falls  — . 
or  neutral  falls. 

Of  acids. 

The  term  acid  explains  itfelf  by 
its  ordinary  acceptation  ; for,  though 
there  may  be  a great  diverfity  in  the 
taftes  excited  by  different  acid  bodies, 
both  with  refpedt  to  intenfenefs  and 
quality,  yet  no  language  has  furnifh- 
ed  diflinfl  names  for  this  variety. 
Sorrel,  vinegar,  cream  of  tartar, 
lemons,  tamarinds,  and  a great  ma- 
ny other  bodies  are  all  faid  to  be  acid 
when  taftedj  and  this  capacity  of  ex- 
citing an  acid  tafte,  is  one  charade- 
riftic  of  an  acid  fait. 

All  thofe  bodies,  with  a very  few 
exceptions,  which  have  an  acid  tafte,^ 
have  alfo,  when  fufficiently  purified, 
the  property  of  changing  the  blue 

colours 
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colours  of  vegetables,  as  of  fyrop  of 
violets,  into  a red;  and  hence  this 
quality  is  reckoned  another  charac- 
teriftic  of  an  acid  fait. 

The  great  divillon  of  all  terreftrial 
fubftances  into  minerals,  vegetables, 
and  animals,  called  the  three  king- 
doms of  nature,  has  fuggefted  to 
chemifts  a divifion  of  acids  into  mi- 
neraly  vegetable^  and  animal  acids^  ac- 
cording to  the  nature  of  the  fubjedt 
from  which  they  are  produced.  The 
mineral  acids  may  be  copioudy  fe- 
parated,  by  diftillation,  from  vitriol^ 
and  fea  faU  \ and  in  reference 
to  thefe  fubftances,  they  are  •fually 
called  the  •vitriolic  acid.,  the  nitrous 
acid,  and  the  marine  acid.  — The 
■Vegetable  acids  are  either  native,  fuch 
as  exift  in  four  fruits  and  plants ; or 
faSlitious,  fuch  a<s  vinegar  and  tartar, 
VOL.  I.  H which 


( •H4  ') 

which  are  produced  by  fermentation. 
To  the  clafs  alfo  of  faftitious  ve^e- 
table  acids,  may  be  referred  all  the 
acids  feparable  from  vegetable  mat- 
ter by  diflillation  •,  thefe  generally 
retaining  a burnt  fmell,  are  called 
empyretmatic  acids : they  have  not 
hitherto  been  fo  fully  examined 
as  to  be  clafied  into  different  fpecies. 
Animal  acids  are  fuch  as  may  be 
feparated  from  various  parts  of  ani- 
mals by  diflillation ; or  they  are  fuch 
as  bees,  ants,  and  fome  other  infeds, 
contain  in  properveffels  ready  prepar- 
ed, and  which  they  ejed  in  flinging. 

Of  alkalies. 

The  term  alkali  is  compounded 
of  the  Arabic  particle  al  (the)  ancf 
kali.,  the  Arabic  name  of  a maritime 
plant  called  by  us  glajjkaort.,  or 
■,  . . . . marJJi 
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marfli  .famphire.  Glaffwort  is  diftih- 
guifhed  by  botanifts  into  the  greater 
or  lefler  jointed  glaffwort,  fnail-feeded 
glaffwort,  prickly  glaffwort,  &c.  all 
of  which  are  called  Kali;  and  from 
the  alhes  of  them  all,  when  thorough^ 

, ly  calcined,  there  may  be  walked  out 
a fait,  which  is  called  an  alkali,  or 
an  alkaline  fait.  If  any  one  fhould 
think  that  the  word  Kali  is  derived 
from  an  Hebrew  root  of  nearly  the 
fame  found,  fignifying  to  burn  ; then 
he  will  conclude,  that  alkali  ori- 
ginally had  reference,  not  to  the  ■ 
-name  of  any  particular  fpecies  of 
.plants,  but  to  the  manner  in  which  , 
a fait  might'  be  procured  from  the 
afhes  of  burnt  vegetables  in  general 
■and  that  in  procefs  of  time  a certain 
kind  of  plants  came  to  be  called 
kali,  from  its  affes  abounding  more, 
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than  thofe  of  any  other  plant,  with 
faltj  juft  as  J$da  or  foude^from  being 
the  common  name  for  this  very  fait, 
which  is  feparated  from  kali,  has  be- 
come the  French  name  for  the  plant 
itfelf.* 

Kali  is  not  the  only  maritime 
plant,  which  yields  an  alkaline  fait. 
On  the  coaft  of  Spain,  about  Alicant 
andCarthagena,  and,  indeed,  in  many 
other  countries  bordering  on  the 
Mediterranean,  the  farmers  fow  their 
lands  with  the  feeds  of  different  forts 
of  maritime  plants,  which  they  pluck 
up  at  the  proper  feafon,  dry  in  the 
fun  as  we  dry  hay,  and  burn  to  afhes. 

About 

• Kali  herbam  in  cinerem  verfam  Sodam 
appellat  vulgus.  Baptis.  Porta  Mag.  Nat.  L. 
VI.  C.  I.  He  defcribes  the  method  of  ex- 
trafling the  fait  out  of  the  afhes,  and  fays 
that  out  of  live  pounds  of  the  alhes  they  got 
one  of  fait. 
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About  Carthagena  they  principally 
cultivate  four  forts  of  plants,  barilla^ 
gazul.  or  algazul^  foza,  and  falicornia. 
The  barilla  yields  the  pureft  fixed 
alkali,  each  root  of  this  plant  fends 
out  a great  many  (talks  refembling 
famphire,  and  rifing  to  about  the 
height  of  four  inches.  The  ground 
is  much  exhauRed  by  the  crop,  it 
lies  fallow  every  other  year,  and  each 
acre  produces  about  a ton  of  barilla^. 
Whether  any  of  our  fait  marfhes 
could  be  advantageoully  employed  in 
this  kind  of  culture,  may  deferve  the 
(erious  confideration  of  thofe  to  whom 
they  belong  •,  certain  it  is,  that  plants 
which  would  yield  this  alkali,  grow 
fpontaneoufly  upon  feveral  of  them. 

On  the  Orkney  and  Scilly  ifies, 
and  on  moft  parts  of  the  Britifii 

coaft, 

• Swinburne’s  Trav.  through  Spain,  p.i  30. 
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coaft,  great  quantities  of  bladder, 
fucus,  or  fea  oak  under  the  name 
of  fea  wrack,  are  annually  burned  in 
order  to  obtain  an  alkaline  fait.  The 
plants  are  cut  from  the  rocks  on 
which  they  grow,  or  gathered  from 
the  beach  on  which  they  are  thrown 
by  the  tide  ; and  being  fufficiently 
dried  by  the  heat  of  the  fun  in  the 
fummer  feafon,  they  are  fet  on  fire ; 
the  fire  place  is  a hole  in  the  ground, 
the  allies,  to  which  the  plants  are  re- 
duced, are  melted  by  the  violence  of 
the  fire;  the  melted  mafs  is  kept  in 
a ftate  of  fufion  for  three  or  four 
hours,  it  is  then  fuffered  to  cool,  and 
when  it  is  fet,  they  take  it  out  of  the 
hole  in  which  the  plants  were  burn- 
ed, and  the  operation  is  recom- 
menced. The  folid  mafs  procured 

from 
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from  the  melting  of  the  afhes  of  lea 
wrack,  is  an  article  of  great  ufe  in 
the  making  of  glafs  and  foap,  and  is 
known  in  commerce  under  the  name 
of  kelp  or  kelp  afhes.  From  kelp 
alhes  may.  be  extraffed  a fait,  the 
fame  in  every  refpedf  with  that  which 
may  be  procured  from  the  afhes  of 
kali  or  glalTwort.  The  following 
experiment  was  made  in  order  to  af- 
certain  the  quantity  of  faline  matter* 
contained  in  Britifh  kelp. 

■ Thirty  ounces  of  kelp  from  the 
Orknies,  which  had  been  previoufly 
pounded  into  a fine  powder,  and  in 
that  ftate  well  dried  upon  a hot  iron, 
were  boiled  in  various  portions  of 
water,  till  all  the  faline  matter  was 
extraded  from  the  afhes ; the  water 
containing  all  the  faline  matter  of 
the  kelp  was  then  evaporated  with  a 
H4  gentle 
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gentle  heat,  and  tlie  fait  which  re- 
mained after  the  water  was  'all  eva- 
porated, was  further  dried,  as  the 
kelp  had  been,  upon  a hot  iron.  The 
faline  matter  in  that  dry  (late  weigh- 
ed .19  ounces.  The  earth  remaining 
after  the  extradlion  of  the  faline  mat- 
ter being  carefully  colleded,  and 
thoroughly  dried  upon  a hot  iron,  it 
weighed  exadly  in  that  ftate  1 1 
ounces.  This  experiment  was  re- 
peated with  the  fame  fuccefs. 

There  is  a much  greater  quantity 
of  faline  matter  contained  in  Spanilh 
barilla  than  in  Englilh  kelp,  as  may 
be  inferred  from  the  following  expe- 
riment. Spanilh ’barilla,  as  well  as 
Englilh  kelp,  is  mixed  with  feveral 
pieces  of  black  matter ; this  matter 
confifts  of  pieces  of  the.plants,  which 
■have.been  reduced  to  charcoal,  but 


not 
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not  to  a(hes,  during  the  combuftion 
of  the  plants.  I pounded  into  a fine 
powder  a quantity  of  barilla,  the 
powder  had  a greyifli  call  from  the 
charcoal  it  contained ; it  was  dried 
upon  a hot  iron,  and  it  loft  by  that 
operation  one  fourteenth  of  its  weight. 
I took  30  ounces  of  this  dried  ba- 
rilla, and  proceeding  as  in  the  analy- 
fis  of  kelp  afhes,  I obtained  22 
ounces  of  faline  matter.  It  appears 
from  hence,  that  there  is  three  hun- 
dred weight  more  of  faline  matter  in 
a ton  and  an  half  of  barilla,  than  of 
kelp  afhes. 

It  is  very  probable,  that  kelp  afhes 
prepared  in  different  countries,  con- 
tain the  earthy  and  faline  parts,  in 
proportions  different  from  thofe  here 
afeertained  ; yet  it  is  worth  remark- 
ing, that  the  analyfis  here  given  coin- 
cides, 
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cides,  as  to  the  earthy  part,  with  the 
experiments  of  one  author,  and  as  to 
tlie  faline  part,  with  the  experiments 
of  another.  From  28  drams  of  kelp 
allies.  Dr.  Home  obtained  10  drams 
of  earth  •,  now  the  proportion  of  30 
to  1 i,  is  nearly  the  fame  with  that  of 
28  to  10*.  — M.  Cadet  obtained  6. 
pounds,  3 ounces  and  an  half  of  fa- 
line  matter  from  10  pounds  of  kelp 
adies  *,  if  he  had  obtained  one  half 
ounce  more,  the  proportion  of  faline 
matter  procured  from  the  kelp  he 
examined,  would  have  been,  almoft, 
exadtly  the  fame  with  that  pro- 
cured from  the  Orkney  kelp  which 
I examined:!;.  I was  not  aware  of 

the. 

* See  his  very  ingenious  EfTay  on  Bleach- 
ing, p.  151. 

- X Kill,  de  V Acad,  des  Sciences  a Par. 
Ann.  1767,  p.  488. 
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the  experiments  here  referred  to, when 
I undertook  to  afccrtain  the  refpec- 
tive  quantities  of  earth  and  faline 
matter  contained  in  kelp  allies,  and 
for  that  reafon  the  coincidence  may 
be  the  better  relied  on. 

The  reader  may  wonder,  why,  in 
fpeaking  of  the  fait  contained  in 
kelp,  I have  called  it  by  the  general 
name,  faline  matter,  in  the  very  place 
where  I was  confidering  it  as  a parti- 
cular kind  of  fait,  as  an  alkali ; this 
was  not  done  without  reafon,  for  not 
only  kelp  aflies,  but  the  afhes  of  kali^ 
barilla,  and  moft  maritime  plants,  be- 
fides  an  alkaline  fait,  contain  a por- 
tion of  common  fait,  and  of  fome 
other  kinds  of  fait,  which  it  is  not 
necelTary  here  to  enumerate,  Thefe 
foreign  falts  injure  very  much  the 
purity  of  the  alkali,  for  the  obtain- 
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ing  of  which  the  plants  are  burned, 
and  the  Britifh  kelp  afhes  abound 
with  them  fo  much,  that  from  fome 
trials  I have  made  I Ihould  conclude, 
that  the  19  ounces  of  faline  matter, 
which  1 had  extracted  from  30  ounces 
of  kelp,  did  not  contain  above  five 
ounces  of  pure  mineral  alkali  free 
from  water.  The  expreflion  free 
from  water  requires  an  explanation. 

The  19  ounces  then  of  faline  mat- 
ter obtained  from  30  ounces  of  kelp, 
were  diflblved  in  water,  and  from  the 
folution,  when  evaporated  and  cry- 
ftallized,  I obtained  1 2 ounces  of  al- 
kaline fait  in  very  fine  tranfparent 
cryftals.  Since  all  attraftion  is  mu- 
tual, it  may  readily  be  underftood, 
that  as  the  particles  of  water  attradt 
thofe  of  the  alkaline  fait,  and  retain 
them  in  folution,  fo  the  particles  of 

the 
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the  alkaline  fait  will  attraft  thofe  of 
the  water,  and  retain  them  in  cry- 
ftallization.  Tiie  water  thus  actradt- 
ed  by  the  particles  of  a fait  during 
its  cryftallization,  is  ufually  denomi- 
nated xYit  water  of  cryfialiization. 

This  water  of  cryftallization  is 
contained  in  different  quantities  in 
different  falts,  and  it  adheres  to  them 
with  different  degrees  of  force, 
though  it  is  eafily  feparated  from 
moft  of  them,  the  moderate  heat  of 
the  atmofphere,  being  fufficient  to 
evaporate  it  from  many.  When  this 
water  of  cryftallization  is  evaporated 
frorn  any  fait,  the  figure  of  the  cry- 
ftals  is  deftroyed,  the  fait  from  being 
a folid  tranfparent  fubftance  becomes 
an  opake  powder.  But  though  a 
fait  in  lofing  its  water  of  cryftalliza- 
tion, lofes  its  cryftallineform,  it  does 

not 
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not  thereby  lofe  part  of  its  faline 
quality,  for  the  water  which  is  fepa- 
rated  from  it,  is  pure  water,  and  the 
fait  by  being  rediffialved  in  water 
and  recryftallized  will  not  only  re- 
gain its  former  figure,  but  the  whole 
of  its  weight. 

This  obfervation  refpefting  the 
water  of  cryftallization  is  not  with- 
out its  ufe,  either  in  medicine  or 
trade.  The  fait  known  in  medicine 
under  the  name  of  Glauber’s  falc, 
is  one  of  thofe  which  contains  near 
half  its  weight  of  water,  wholly  un- 
effential  to  it  as  a fait-,  hence  an 
ounce  of  Glauber’s  fait,  in  tranfpa- 
rent  cryftals,  has  not  more  ftrength 
as  a medicine,  than  half  an  ounce  of 
the  fame  fait  when  reduced  to  a 
•powder,  by  having  its  water  of  cryft- 
aiiization  evaporated.  The  t\yelve 

X 
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ounces  of  alkaline  fait  in  queftion 
were  expofed  to  a very  gentle  heat 
(they  would  have  been  melted  by  a 
ftrong  one)  till  they  were  reduced 
to  a fine  powder;  this  powder  was 
dried  on  a hot  iron,  and  in  that  ftate 
it  weighed  not  quite  five  ounces,  fo 
that  twelve  tons  of  alkaline  fait  in 
cryftals,  is  not  worth  more  than  five 
tons  of  the  fam.e  fait,  when  freed  from 
its  water  of  cryftallization.  Kelp 
afhes  appear,  from  thefe  experiments, 
not  to  contain  above  five  tons  of  the 
alkaline  fait  here  fpoken  of  in  thirty 
tons  of  the  afhes. 

I took  the  22  ounces  of  faline  matter, 
which  I had  procured  from  30  ounces 
of  dried  barilla,  and  diiTolving  them 
in  water,  obtained  36  ounces  of  fine 
cryftals  of  alkali,  and  about  3 ounces 
of  a fait  which  would  not  cryftallize, 

and 
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and  which  was  in  part  fea  fait;  it 
appears  from  this  experiment,  com- 
pared with  the  preceding,  that  the 
fait  procurable  from  barilla,  contains 
a far  greater  proportion  of  pure  al- 
kali, than  that  from  kelp  does;  and 
hence  barilla  is  preferrable  to  kelp, 
not  only  from  its  containing  more 
faline  matter  in  a definite  weight,  but 
from  that  faline  matter  being  of  a 
purer  quality.  The  cryftalline  fait 
thus  obtained,  being  expofed  to  the 
fire,  was  quickly  melted,  and  when 
all  the  water  which  had  entered  into 
the  compofition  of  the  cryftals,  had 
been  evaporated,  the  fait  weighed 
2ii  ounces,  half  an  ounce  having 
been  loft  by  the  operation. 

The  alkaline  fait  contained  in  the 
afhes  of  maritime  plants,  when  ex- 
pofed  to  the  heat  of  a glafs-houfe 

furnace. 
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furnace,  lofes  confiderably  of  its 
weight,  but  in  moderate  fires  it  lofes 
nothing;  hence  this  fait  is  called  a 
Jiyed  alkali.  A pound  of  common 
fait  contains  about  half  a pound  of 
this  fixed  alkali  ; common  fait  is 
reckoned  a mineral,  there  being  large 
mines  of  it  in  molt  parts  of  the 
world ; this  fixed  alkali,  which  con- 
ftitutes  near  half  the  weight  of  com- 
mon fait,  and  from  the  decompofi- 
tion  of  which  it  is  moft  probably 
produced,  is  therefore  often  called 
the  mineral,  fojftle,  or  marine  fixed  al- 
kali. It  is  entitled  alfo  to  the  name 
of  the  mineral  fixed  alkali,  from  its 
beina:  met  with  in  fome  mineral  wa- 
ters,  and  from  its  being  found  either 
ready  formed  upon  thefurfaceof  the 
earth,  or  dug  out  of  certain  lakes, 
which  are  dried  up  in  the  fummer,  ih 
VOL.  I.  1 Egypt, 
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'Egypt,  and  other  parts  of  the  Eaft. 
■It  is  there  called  natron^  and  is  iup- 
-pofed  to  be  the  nitre  fpoken  of  by 
Solomon, when  he  compares  the  effeft 
which  unfealonable  mirth  has  upon 
a man  in  afflidtion,  to  the  action  of 
vinegar  upon  nitre ; * “ as  vinegar 
'upon  nitre,  lb  is  he  that  fmgeth  fongs 
to  a heavy  heart:”  for  vinegar  has  no 
-effeft  upon  what  we  call  nitre,  but 
-upon  the  alkali  in  queftion,  it  has  a 
great  effeft,  making  it  rife  up  in 
bubbles  with  much  eft'crvefcence. 
This  alkali  has  been  met  with  alfo  on 
:the  Pic  of  I'eneriffe  and  in  Barbary, 
ifo  that  it  is  upon  many  accounts  pro- 
perly enough  denominated  the  mine- 
'ral  fixed  alkali. 

The  alhes  of  moft  other  vegeta- 
bles, as  well  as  thofe  of  maritime 
plants,  yield  a fait  which  has  many 

pro- 
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'properties  in  common  with  the  mi- 
neral fixed  alkali,  but  not  having  all 
the  properties  of  that  fait,  it  has  for 
the  fake  of  perfpicuity  been  called 
the  vegetable  fixed  alkali.  Both  the 
< mineral  and  the  vegetable  fixed  al- 
kali are  prepared  by  boiling  the 
afhes  to  extrafl  the  fait  from  the 
'earth,  the  water  containing  the  fait 
in  folution,  is  then  evaporated  fo  as 
to  leave  the  fait  dry.  From  this 
manner  of  preparing  them,  thefe  falts 
have  been  often  called  lixivial  falts, 
lix  and  lixivium^  both  fignifying  a lie 
made  with  allies.  The  operation 
of  evaporating  the  water  is  perform- 
ed in  large  iron  or  copper  pots ; and 
from  this  circumftance  thefe  alkaline 
falts,  ■ efpecially  the  vegetable  fixed 
' alkali,  have  come  under  the  name  of 
pot-ajh. 

I 2 
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• Great  piles,  of  wood  are  'in  many 
countries,  burnt  for  the  exprefs  pur- 
•pofe  of  obtaining  pot-alh.  From  the 
following  experiments,  fome  notion 
•may  be  formed  of  the  large  quanti- 
ties of  wood  which  muft  be  burned, 
■in  order  to  obtain  even  a fmall  por- 
tion of  pot-alb. 

I defired  a friend  in  Eflex,  who 
had  plenty  of  dry  oak  billets,  to  af- 
. certain  the  quantity  of  alhes,  which  a 
, certain  weight  of  the  wood  would  yield. 
He  made  the  experiment  with  every 
■ poflible  precaution,  and  from  io6 
.pounds,  avoirdupois  weight,  of  dry 
peeled  oak,  he  obtained  19  ounces 
,of  alhes.  I treated  thefe  alhes  after 
..the  fame  manner  in  which  I had 
endeavoured  to.afcertain  the  propor- 
tion of  earth  and  faline.  matter,  in 
_ barilla,  and  kelp  alhesj  and  from  the 
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19  ounces,  obtained  rather  more 
than  one  ounce  and  a quarter  of  fa- 
line  matter.  From  feveral  repeti- 
tions of  the  experiment  with  afhes 
of  the  fame  kind,  it  may  be  con- 
cluded, that  1 5 ounces  of  thefe  afhes 
contained  14  ounces  of  earth,  not 
foluble  in  water,  and  i ounce  of 
faline  matter:  from  this  proportion 
it  may  eafily  be  collefted,  that  above 
1300  tons  of  dry  oak,  and  probably 
above  1800  tons  of  green  oak,  mufl 
be  burned  in  order  to  obtain  one 
ton  of  pot-afh. 

The  makers  of  pot-afh  generally 
buy  the  wood  afhes  by  the  bufhel, 
and  fell  the  pot-afh  by  the  ton;  but 
as  the  afhes  of  different  woods,  and 
indeed  of  different  parts  of  the  fame 
wood,  probably,  contain  very  differ- 
ent portions  of  faline  matter ; it  can- 
I 3 
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not  be  expefted  that  wc  fhould  have 
any  very  uniform  accounts,  of  the 
number  of  bufliels  of  aflies  requifite 
to  make  a ton  of  pot-afh.  Some 
dealers  in  this  article,  are  of  opinion, 
that  a ton  of  pot-afh  may  be  pro- 
cured from  400  bufhels  of  afhes, 
others  from  450,  others  from  560 
of  the  belt  afhes,  and  others  laltly, 
from  700  bufliels,  at  a medium,  of 
good  and  bad  afhes.*  I find  that  a 
bufhel  of  the  dry  afhes,  which  arc 
fold  by  the  country  people  who  burn 
wood,  to  our  foap  makers  in  Camr 
bridge,  weighs  at  a medium  58 
pounds-,  hence  fuppofing  every  15 
pounds  of  fuch  afhes,  to  contain  i 
pound  of  faline  matter,  it  will  fol- 
low, that  580  bufhels  of  fuch  allies, 

would 

* Lewis’ .Experiments  on  Am'ericarr  Pdt'- 
afh.‘  p.  6. 
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would  give  i ton  of  faline  matter. 
This  correfpondence  with  the  ac-’ 
counts  given  by  the  pot-alh  makers, 
confirms  the  analyfis  of  the  oak 
afhes  before  mentioned. 

Under  the  direction  and  patronage 
of  the  fociety  for  the  encourage- 
ment of  arts,  manufa6tures,  and 
commerce,  large  quantities  of  pot- 
afh  have  been  made  in  America  fince- 
the  year  1763-,  and  it  would  be 
great  faying  to  the  nation  if  it- 
could  be  made  in  fufficient  quanti- 
ties, in  any  part  of  the  dominions 
of  Great  Britain,  fince  we  are  reck- 
oned to  pay  to  RulTia,  and  other  fo-' 
reign  ftates,  not  lefs  than  one  hun-’ 
dred  and  fifty  thoufand  pounds  a’ 
year  for  pot-afh.*  We  have  inex-* 

• hauftiblC'^ 
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hauftible  mines  of  rock  fair,  in  this 
country,  which  the  proprietors  can 
afford  at  i o fhillings  a ton  a ton  of 
rock  fait,  as  has  been  before  obferv- 
cd  of  common  fait,  contains  about 
half  a ton  of  mineral  alkali,  which 
is  for  mofl;  purpofes  far  preferable 
to  pot-afli ; if  a method  could  be 
contrived  of  extrafting  this  alkaline 
part  from  rock  fait,  it  would  be  a 
moft  ferviceable  difcovery.  To  thofe 
who  have  leifure  to  attempt  it,  I 
would  give  the  following  hint  — 
"Whether  the  alkaline  part  of  rock 
fait,  may  not  be  obtained  by  cal- 
cining it  in  conjunction  with  char- 
coal in  open  fires  ? my  reafon  for  tliis 
conjecture  is  founded  on  the  follow- 
ing experiment.  Upon  burning 
fea  wrack  to  a black  coal,  and 
Hopping  the  procefs  at  that  point, 
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I have  obtained  great  plenty  of 
common  fait,  but  no  mineral  al- 
kali from  the  black  afhes,  though 
we  are  certain,  that  when  the  black 
alhes  are  thoroughly  calcined,  or  re- 
duced to  white  alhes,  mineral  alkali 
may  be  obtained  from  them  j this 
makes  it  probable,  that  the  common 
fait  contained  in  the  black  afhes  of 
fea  wrack,  is  decompofed  and  chang- 
ed into  a mineral  alkali,  during  the 
burning  of  the  black  afhes.  There 
are  reafons  to  fuppofe  that  the  cin- 
der of  pit- coal,  would  anfwer  the 
purpofe  better  than  charcoal.  But 
to  return. 

Tartar  is  a vegetable  produi5bion, 
which  forms  itfelf  on  the  fides  of 
calks  in  which  new  wine  is  put;  it  is 
of  a folid  confiftency,  and  is  thence 
called  by  the  Germans,  wine-ftone, 

(wyne- 
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(wyne-ftein) : this  fubftance,  when 
burned  to  aflies,  yields  a very  pure 
vegetable  fixed  alkali,  called,  fait  of 
tartar. 

The  reader  is  defired  to  diftinguifli 
between  cream  of  tartar.,  and  fait  of 
tartar-,  they  are  both  falts,  but  not 
of  the  fame  clafs.  Cream  of  tartar 
is  an  acid,  and  is  prepared  from  tar- 
tar by  difl'olving  it  in  water,  and  cry- 
ftallizing  the  lolution.  Salt  of  tar- 
tar is  an  alkali,  and  is  prepared  from 
tartar  by  burning  it,  the  acid  being 
probably  changed  into  an  alkali  by 
the  fire. 

Salt  of  tartar,  as  well  as  all  other 
vegetable  fixed  alkalies  when  pure 
(for  when  purified  they  are  all  the 
fame),  attrads  very  Itrongly  the  hu- 
midity of  the.  air,  and  thereby  melts 
as  it  were  inp  a liquor,  which  from 

its 
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its  being  prdcured  in  this  fingularway, 
and  from  its  having  alfo  an  unduous 
appearance,  though  it  has  no  other 
property  of  an  oil,  has  been  called  Qil 
of  tartar  per  deliquium.  If  you  fpread 
a little  fait  of  tartar,  or  even  com- 
mon pot-afh  on  a plate,  and  expofe  it 
to  the  air  in  a cellar,  or  other  moift: 
place  for  a few  days,  you  will  fee  the 
whole  of  it  almoft  melted  away  into 
a thick  tranfparent  liquor,  weighing 
near  four  times  as  much  as  the  weight 
of  the  fait  you  expofed.  The  mi- 
neral fixed  alkali  expofed  in  the  fame 
way,  will  not  be  changed  into  a 
fluid,  and  this  is  one  mark  by  which 
the  mineral  and  vegetable  fixed  al- 
kalies may  be  diftinguiflied  from 
each  other.  Both  of  thefe  fixed  al- 
kalies change  the  blue  colour  of 
fyrop  of  violets  into  a green,  and  by 
i.  . - this 
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this  property  they  are  diftinguilhablei 
from  acids,  which  give  a red  colour^' 
as  well  as  by  their  tafte,  which  is 
cauftic  and  fiery,  every  way  very 
' different  from  a four  tafte : they 
bubble  up  alfo  or  effervefce  when 
mixed  with  acids,  as  may  be  feen  by 
mixing  lemon  juice  and  fait  of  tartar 
together  j this  effervefcence  proceeds 
from  the  difcharge  of  an  elaftic  fluid, 
called  Jixed  air,  but  it  cannot  be  faid- 
to  be  charadleriftic  of  alkalies ; fince 
chalk,  marble,  limeftone,  and  other 
earths  and  ftones  not  foluble  in  wa- 
ter, contain  a large  portion  of  ^xed 
air,  and  when  mixed  with  acids,  ef- 
fervefce as  much  as  fixed  alkalies. 

• From  this  property,  thefe  earthy  and 
ftony  fubftances  have,  in  many  fyf- 
tems  of  mineralogy,  been  called  al- 
kaline earths  and  ftones. 
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■ Befides  the  fixed  alkaline  fairs  fe- 
parable  from  the  afiies  of  maritime 
plants,  and  other  vegetable  fubftances, 

• there  is  another  fpecies  of  fait  fepara- 
■ble  chiefly  from  animal  fubftances, 

as  from  urine,  horns,,  bones,  &c.  by 
. diftillation.  This  fait  effervefces 
•with  acids,  and  gives  a green  colour 
to  vegetable  blues,  and  it  is  from 
whence  called  an  alkali;  but  being 
-eafily  diflipated  in  a fmall.  degree  of 
heat,  it  is  called  a volatile  alkali.  By 
rthis  great  volatility  it  is  fufficiently 
diftinguilhed  from  the  two  fixed  al- 
;kalies,  as  well  as  by  the  pungency  of 

• its  fmell ; fixed  alkalies,  when  pure, 
•t  having  no  fmell. 

Of  neutral  falls. 

‘Neutral  fairs  are  -diftinguilhed 

both 
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both  from  acids  and  alkalies  by  their 
tafte, which  is  neither  four  nor  cauftic, 
by  their  not  efFervefcing  with  acids, 
by  their  not  producing  any  change 
in  the  colour  of  fyrop  of  violets.  Of 
this  kind  are  common  fait,  Glau- 
ber’s fait,  faltpetre,  and  a great  va- 
riety of  others.  Any  acid,  when 
united  with  any  alkali,  in  fuch  pro- 
portion that  the  compound  does  not 
poflefs  any  of  the  charafteriftic  pro- 
perties of  either  of  its  component 
parts,  is  a neutral  fait.  The  term 
neutral,  was  firft  applied  to  a fait 
formed  by  an  union  of  an  acid  and 
an  alkali,  but  it  has  now  a more 
extenfive  fignification,  denoting  the 
fait  formed  by  the  union  of  an  acid 
with  any  alkali,  earth,  or  metallic  fub- 
Itance.  The  fubftance  with  which  the 
acid  unites'itfelf.in  the  formation  of 
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a neutral  fait,  is  often  called  the  lajts 
of  that  fait. 

The  following  tables  of  fairs,  will 
help  to  fix  in  the  reader’s  mind,  the 
treneral  divifion  of  faline  fubftances, 
efpecially  if  he  will  be  at  the  trouble 
to  familiarize  himfelf  to  the  names, 
by  procuring,  from  his  druggifl,  fpe- 
■cimens  of  the  feveral  kinds. 
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A Table  of  neutral  Salts,  with  Alkaline  Bafes. 
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It  may  not  be  improper  in  this 
place,  to  mention  two  propofitions 
much  infifted  on  by  chemical  writers 
of  the  greateft  eminence,  but  which 
appear  to  be  founded  rather  on  pro- 
bable conje6lure,  than  certain  experi- 
ment. The  firft  is,  that  the  vilriolic 
acid  is  the  only  faline  principle  in 
nature,  all  other  acids  and  alkalies 
being  nothing  but  combinations  of 
this  univerfal  acid  with  earth,  air, 
oil,  and  water  in  different  propor- 
tions. The  fecond  is,  that  the  vi- 
triolic acid  itfelf  is  a compound 
body,  formed  from  an  intimate  union  • 
of  earth  and  water.  The  pofTibility 
of  the  truth  of  the  firft  propofition, 
which  aflferts,  that  one  fubftance  may 
be  fo  combined  with  feveral  others 
as  to  conftitute  a great  variety  of 
different  compounds,  may  be  illu- 

ftrated 
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ftrated  from  what  we  know  of  water; 
which  is  the  chief  conftituent  part 
of  bodies,  in  appearance,  very  differ- 
ent from  each  other,  as  of  blood, 
urine,  milk,  wine,  wood,  coal.  See. 
yet  the  marine  acid  feems  to  be  as 
abundantly  diffufed  over  the  earth 
as  the  vitriolic;  and  cannot,  I think, 
be  faid  to  be  derived  from  it.  As 
to  the  fecond  propofuion,  though  we 
fhould  grant,  that  nothing  but  earth 
and  water  can  be  procured  from  the 
analyfis  of  any  fait,  (which,  confi- 
dering  the  lofs  fuftained  almoft  in 
every  anaiyfis  from  the  efcape  of 
fome  claftic  fluid,  which  cannot  be 
condenfed,  cannot  readily  be  admit- 
ted) ; yet  as  no  one  could  ever  form 
a faline  fubflance  by  uniting  earth 
and  water  together,  we  may  fairly 
doubt  concerning  its  truth ; this 
K ?.  doubt. 
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iloubt,  however,  is  not  to  be  under- 
Hood  as  a denial.  The  fum  of  the 
matter  is  this ; earth  and  water  can- 
not be  formed  by  us  into  faline  fub- 
ftances;  nature  may  have  different 
modes  of  combining  them,  fo  as  to 
produce  the  effect;  or  nature  may  in 
producing  the  efTefl,  make  ufe  of  a 
third  or  a fourth  principle.  It  mull 
be  left  to  future  experience  to  fim- 
plify  our  knowledge  concerning  fa- 
line  fubflances,  as  well  as  concerning 
ihofe  fluids  which  produce  magnet- 
ifm  and  eleftricity,  and  all  the  vari- 
ous phenomena  attending  mineral 
exhalations. 


ESSAY 


ESSAY  IV. 


Of  Fire,  Sulphur,  and  Phlogifoij. 

Fire  is  fo  fubtlle  an  agent  in 
nature,  that  we  can  reafon  little 
concerning  it  except  from  experi- 
ment, and  we  are  even  at  a lofs  from 
thence  to  determine,  in  many  cafes, 
either  its  abfolute  quantity,  or  real 
prefence.  If,  with  the  generality  of 
philofophers,  we  affume  heat  as  its 
chara6teritlic  property,  and  define 
fire  to  be  that  which  warms  or  heats 
bodies,  we  cannot  avoid  feeing, 

K 3 once. 
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once,  the  ambiguity  of  this  criterion*, 
it  is  as  precarious  as  the  perceptions 
of  different  men  at  the  fame  time,  or 
of  the  fame  man  at  different  times, 
in  fummer  and  in  winter,  in  a fever 
and  in  health,  1 he  light  of  the 
moon,  when  colle<5lcd  into  the  focus 
of  a large  burning  glafs,  is  found  to 

be  about  one  thoufand  times  Icfs 

# 

denfe,  than  the  dired  rays  of  the 
fun  i hence  it  is,  that  it  excites  no 
motion  in  the  mercury  of  the  moft 
fenfible  thermometer;  but  from  the 
brightnefs  of  the  image  in  the  focus, 
as  well  as  from  the  luminous  appear- 
ance of  rotten  wood,  putrid  fifh,  and 
other  phofphorefcent  bodies,  fomc 
philofophers  have  inferred,  that 
wherever  there  is  light,  there  is  fire  j 
but  as  theconverfeof  this  propofition 
is  not  true,  fince  fire  often  exifts  in 
• * large 
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large  quantities,  as  in  boiling  fluids, 
in  metals  moderately  heated,  &c. 
without  light, 'this  cannot  be  a di- 
ftinguifliing  mark  of  the  prefence  of 
fire.  The  dilatation  which  fire  oc- 
calions  in  all  bodies,  whether  folid  or 
fluid,  hard  or  foft,  light  or  heavy, 
may  be  efteemed  the  moft  certain 
proof  of  its  prefence  and  agency  j 
this  property  ferves  admirably,  to 
mark  its  degrees  and  minute  varia- 
tions within  certain  limits,  but  not 
to  afcertain  either  its  prefence  or  its 
quantity  in  extreme  cafes,  unlefs  we 
know  the  real- magnitudes  of  bodies 
totally  deftitute  of  it.  However, 
admitting  this  phenomenon,  as  the 
moft  certain  indication  of  the  exift- 
ence  of  fire,  it  may  be  accounted  for 
in- the  following  manner. 

From  the  14th  fedtion  of  Sir  Ifaac 
K 4 Ns^vo-  ' 
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Newton's  Principiay  we  learn,  that 
the  motions  of  fmall  bodies,  when 
attrafted  perpendicularly  towards  any 
furface,  according  to  any  law,  are  fi- 
milar  to  the  motions  of  the  »ays  of 
light,  with  refpedl  to  the  fundamental 
properties  of  Inflexion,  Refledion, 
and  Refradion  : from  hence  chiefly, 
as  well  as  from  other  arguments,  we 
infer,  that  rays  of  light  are  fmall 
corpufcles,  emitted  from  Ihining  bo- 
dies, and  moving  with  uniform  ve- 
locities in  uniform  mediums  ; but 
with  variable  velocities  in  mediums 
of  variable  denfities.  This  being 
admitted,  it  will  follow,  that  in 
whatever  quantity  the  rays  of  light 
are  made  to  move  in  a medium  of 
an  uniform  denfity,  they  will  not 
agitate  the  particles,  or  produce  any 
augmentation  of  bulk  in  that  me- 
dium. 
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dium.  If  the  atmofphere  was  re- 
duced to  a medium  of  an  uniform 
de'nfity,  furrounding  the  earth  every 
where  to  the  heiglit  of  five  miles,  it 
would  be  expanded  in  bulk,  or 
warmed  only  at  its  outward  and  in- 
ward furface.  The  fun’s  rays,  by 
coming  out  of  a vacuum  into  a 
denfer  medium,  would  be  attraded 
by  the  particles  compofing  that  me- 
dium; and,  fince  all  attradlion  is  mu- 
tual, they  would  excite  a motion,  an 
expanfion,  an  heat,  at  the  outward 
furface  where  they  entered  : from 
thence  they  would  proceed  uniform- 
ly, without  producing  any  efFedl,  till 
they  came  to  the  inward  furface  of 
the  atmofphere  contiguous  to  the  fur- 
face  of  the  earth,  where  they  would 
undergo  another  acceleration  of  ve- 
locity, and  would  excite  another  de- 
gree 
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gree  of  motion,  another  degree  of 
cxpanfion,  or  heat.  Such  an  atmo- 
fphere  would  be  the  coldeft  in  the 
middle,  the  heat  decreafing  from  each 
furface.  We  may,  perhaps,  from 
what  has  been  faid,  conceive,  in  fome 
meafure,  how  bodies  are  expanded, 
heated,  volatilized,  by  the  agency  of 
the  particles  of  light.  Theic  parti- 
ticles  afl  upon  the  minute  confti- 
tuent  parts  of  bodies,  not  by  impaff, 
but  at  fome  indefinitely  fmall  di« 
ffance  ; they  attraft  and  are  attract- 
ed; and  in  being  reflected,  or  re- 
fraCted,  they  excite  a vibratory  mo- 
tion in  the  component  particles  •,  this 
motion  increai'es  the  diftance  between 
the  particles;  an  increafe  of  the  di- 
llance  between  the  conftituent  parts 
of  any  body,  is  an  augmentation  of 
bulk,  an  expanfion  in  every  dimen- 

fion. 
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fion,  — the  moft  certain  charadleriftic 
of  fire.  This  expanfion,  which  is 
the  beginning  of  a difunion  of  the 
parts,  being  increafed,  by  the  in- 
creafing  magnitude  of  the  vibrations, 
proceeding  from  the  continued  agen- 
cy of  the  light,  it  may  eafily  be  ap- 
prehended, that  the  panicles  will  at 
length  vibrate  beyond  their  fphere  of 
mutual  attraftion,  and  thus  the  tex- 
ture of  the  body  will  be  altered  or 
deftroyed;  from  folid  it  may  become 
fluid,  as  in  melted  gold  -,  or  from  be- 
ing fluid,  it  may  be  difperfed  in  va- 
pour, as  in  boiling  water. 

According  to  this  theory,  we  mufl; 
infer,  that  the  conftituent  parts  of 
all  bodies  are  in  perpetual  motion. 
The  temperature  of  the  atmolphere 
is  different  in  different  latitudes,  and 
it  changes,  almoft  every  inftant,  in 

the 
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the  fame ; the  temperature  of  bodies 
is  ever  proportionable  to  that  of  the 
furrounding  atmofphere,  and  from 
thence  it  muft  be  perpetually  vary- 
ing; the  bulk,  of  every  body  is  pro- 
portionable to  its  temperature,  and 
muft  therefore  be  fubjedl  to  a per- 
petual vicilTitude ; now  the  body  will 
be  in  an  expanded,  in  the  next  in- 
ftant,  its  heat  happening  to  be  dimi- 
nilhed,  it  will  be  in  a contracted 
ftate,  which  variation  of  dimenfions 
cannot  be  effected,  without  a perpe- 
tual vibratory  motion  of  its  confti- 
tuent  parts. 

It  being  eftablilhed  then,  that  the 
rays  of  the  fun,  even  in  their  moft 
condenfed  ftate,  as  in  the  focus  of  a 
burning  fpeculum,  do  not  otherwife 
produce  heat,  than  as  they  excite  a 
motion  more  or  lefs  violent  amongft 

the 
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the  conftituent  parts  of  bodies ; and 
the  efFedls  of  culinary  fire,  of  that 
produced  by  fridtion,  or  by  the  im- 
padl  of  hard  bodies,  being  fimilar 
to  thofe  produced  by. the  agency  of 
the  fun’s  light,  it  may  be  conjedfured, 
that  they  are  produced  after  a fimi- 
lar manner;  and  that  fire  is  nothing 
diftindl  from  the  parts  of  bodies  put 
into  motion  by  various  caufes,  as  the 
impulfe  of  light,  fridlion,  percufTion, 
putrefadlion,  attraftion  of  cohefion, 
&c.  and  confequently  that  it  may  be 
mechanically  produced,  altered,  or 
dellroyed  in  all  bodies,  with  greater 
or  lefs  facility,  according  as  the  parts 
of  the  body  are  more  or  lefs  difpofed 
for  motion. 

This  conclufion  feems  to  be  con- 
fonani  with  the  principles  of  the  re- 
ceived philofophy.  Newton  in  his 

5th 
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5th  qujere  annexed  to  his  Optics, 
afks,  Do  not  bodies  and  light  aft  mu- 
tually upon  one  another  ? that  is  to 
fay,  bodies  upon  light  in  emitting, 
reflefting,  refrafting,  and  inflefting 
it;  light  upon  bodies  for  heating 
them,  and  putting  their  parts  into  a 
vibratory  motion,  wherein  heat  con- 
fifts  ? 

There  are  various  other  opinions 
concerning  the  nature  of  fire  and  its 
method  of  aftion,  which,  though  dif- 
ferent from  what  has  been  offered, 
are  not  lefs  probable : I will  content 
myfelf  with  mentioning  two  more. 

Boerhaave.  thinks  that  fire  is  a 
fluid  of  a nature  peculiar  to  itfelf, 
that  it  was  created  fuch  as  it  is,  and 
cannot  be  altered  in  its  nature  or 
properties,  deftroyed,  or  produced; 
that  it  naturally  exifts  in  equal  quan- 
tities 
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ikies  iii  all  places,  that  it  is  wholly 
imperceptible  to  our  fenfes,  and  only 
difcoverable  by  fuch  effedts  as  it 
produces,  when,  by  various  caufes, 
it  is  for  a time  colledted  into  a lefs 
fpace  than  what,  from  its  tendency  to 
an  univerfal  and  equable  diffufion, 
it  would  otherwife  occupy.  All  the 
'bodies,  which  are  fituated  in  the  im- 
menfity  of  fpace,  may,  according  to 
this  opinion,  be  divided  into  fire  ex- 
-panding  all  other  bodies,  and  into  all 
the  other  bodies  which  are  not  fire, 
but  refift  its  adtion.  The  matter  of 
this  fire  is  not  fuppofed  to  be  deriv- 
ed from  the  fun  in  any  wife,  the  folar 
rays,  whether  diredl  or  refledted,  are 
•of  ufe  only  as  they  impel  the  particles 
of  fire  in  parallel  diredlions;  that  pa- 
rallelifin  being  deftroyed,  by  inter- 
.cepting  the  folar  rays,  the  fire  in- 

i ftantly 
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ftantly  refumes  its  natural  ftate  of 
uniform  clifFufion*.  Confiftent  with 
this  explication,  which  attributes 
heat  to  the  matter  of  fire,  when  dri- 
ven in  parallel  directions,  a much 

greater 

• PofTcnt  omnia  corpora  locata  in  fpatio 
imnienfo  ciividi,  in  ignem  expandentem  om- 
nia reliqua  corpora,  cc  in  extera  univerfa 
corpora  qux  non  funt  ignis Ignem  il- 

ium femper  efie  ubique  prxfcnicm,  lara  in 
pleno  corporco  p'eniflimo  quam  in  vacuo 

inaniflimo  Ignem  hunc  * a’quabiliflime 

dillribui  lamdiu,  quamdiu  non  nafcicur  cau- 
fa  fingularis  in  loco  certo  ignem  hunc  dif- 

perfum  colligens Ignem  hunc  non  e/Tc 

a foie,  quoad  materiam  ullo  modo Vim 

ignis  a foie  determinatam  in  redlas  parallelas 
remanere  in  omni  tempore,  quo  emanatio 

vel  reflexio  durat intcrcepta  redlitudine 

radiorum  a foie,  ignem  in  paralleiifmuin 
agentium,  illico  celTat  ille  parallelifinus,  au 
que  flatim  illo  ipfo  memento  ignis  partes 
expanduntur  xquabiliter  quaquaverfum,  — 
Boerh.  Chem.  Vol.  i. 


( i6i  ) 

greater  muft  be  given  it,  when  the 
quantity  fo  colleded,  is  amafled  into 
a focus,  and  yet  the  focus  of  the 
largert:  fpeculuni  does  not  heat  the 
air,  or  medium  in  which  it  is  formed, 
but  only  bodies  of  denfities  differ- 
ent from  that  medium. 

The  author  of  the  Lettres  Phy~ 
fiques  is  of  opinion,  that  the  folar 
rays  are  the  principal  caufe  of  heat; 
but  that  they  only  heat  fuch  bodies 
as  do  not  allow  them  a free  paf- 
fage*.  In  this  remark,  he  is  agreed 
with  Newton -f- ; but  then  he  differs 
totally  from  him,  as  well  as  from 
Boerhaave,  concerning  the  nature  of 
' the 

* 'Les  rayons  du  foleil  n’ echaiifFent  les 
corps  qu’  entant  que  les  corps  ne  leur  accor- 
dent  un  libre  paflage  a travers.  Lett.  Phys. 

f Radii  folis  non  agitant  media  qua; 
permanant,  nill  in  reflexione  et  refraftione. 
New. 

VOL.  I.  L 
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the  rays  of  the  fun.  He  does  not 
admit  the  emanation  of  any  lumi- 
nous corpufcles  from  the  fun,  or 
other  felf-fhining  fubftances,  but  fup- 
pofes  all  fpace  to  be  filled  with  an 
ffither  of  great  elafticity  and  fmall 
denfity,  ai)d  that  light  confifts  in  the 
vibrations  of  this  aether,  as  found 
confifts  in  the  vibrations  of  the  air;- 
the  particles  of  the  one  medium  ex- 
citing, by  impulfe  upon  the  organ 
of  vifion,  the  idea  we  call  light ; the 
particles  of  the  other  medium  ex- 
citing, by  impulfe  on  the  organ  of 
hearing,  the  idea  we  call  found*. 
But  as  a bell  will  not  of  itfelf  begin 

thofe 

* La  lumiere,  n’  efl  autre  chofe  qu’  une  agi- 
tation ou  ebranlement  cause  dans  les  parti- 
cules  de  V ether  qui  fe  trouve  partout.  — » 
11  n’  y a done  rien,  qui  vienne  adluelkmenS 
du  foleil  jufque  a nous.  Let.  Phy. 
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thofe  vibrations  by  which  the  air  is 
put  in  motion,  nor  continue  with 
equal  intenficy  the  vibrations,  when 
once  excited,  without  the  concur- 
rence of  fome  mechanical  caufe;  fo 
neither  will  the  fun  either  begin  or 
continue  his  vibrations,  by  which 
the  fuppofed  ®ther  is  put  in  motion,, 
without  a fimilar  mechanical  agency.. 
In  afcending  from  effe6ls  to  caufes- 
we  rnuft  ever  arrive,  upon  whatever' 
hypothefis  we  proceed,  at  fome  firft. 
caufe,  which  does  not  admit  an  ex-- 
planarion  from  mechanical  princi-- 
ples ; this  is  evidently  the  cafe  in  the 
prefent  inquiry.  Upon  Newton’s 
fuppofition,  the  caufe  by  which  the 
particles  of  light,  and  the  corpufcles 
confituting  other  bodies,  are  mutu- 
ally attradted  and  repelled  is  uncer- 
tain. The  reafon  of  the  uniform 
L 2 diffufion 


( i 64  ) 

diffufion  of  fire,  of  it’s  vibratioa, 
and  repercuflion,  as  ftated  in  Boer- 
haave’s  opinion,  is  equally  inexplica- 
ble; and  in  the  laft  mentioned  hypo- 
thefis,  we  may  add  to  the  other  diffi- 
culties attending  the  fuppofition  of 
an  univerfal  aether,  the  want  of  a 
firfl;  mover  to  make  the  fun  vibrate. 
,Thefe  are  the  opinions  moft  worthy 
of  notice,  concerning  elementary 
fire,  and  of  thefe  it  may  be  faid,  as 
Cicero  remarked  of  the  opinions  of 
philofophers,  concerning  the  nature 
of  the  foul,  — — — fententiarum 
qua  vera  Deus  aliquis  viderit^  qua 
'verifimillma.,  magna  quejiio  eft*. 

But 

♦ The  reader  who  is  defirous  of  making  a 
deeper  inquiry  into  this  matter,  may  confult 
a very  ingenious  tradl  entitled.  Experiments 
and  Obfervations  on  animal  Heat,  and  the 
Infiammudon  of  combuflible  Bodies,  by  Dr. 

Crawford  i 
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But  befides  this  Elementary  jire^< 
which  chemifts  conceive  to  be  every 
where  uniformly  difFufed,  they  are 
of  opinion  that  fire  enters,  in  dif- 
ferent proportions,  into  the  compo- 
fition  of  all  vegetables,  and  animals, 
and  moft  minerals,  and  in  that  con- 
denfed,  compaded  fixed  ftatc,  it  has 

, been 

Crawford ; and  Mr,  Scheele’s  Experiments 
on  Air  arid  Fire,  tranflated  from  the  Ger- 
man by  Dr.  Fofter,  and  illuftrated  with  judi- 
cious notes  by  Mr.  Kirwan;  and  a late  work 
of  Wallerius’,  entitled  Meditationes  de  Orig, 
Mund. 

May  not  the  common  degree  of  heat  which 
arlfes  from  the  mixture  of  different  quantities 
of  the  fame  fluid  heated  to  different  degrees, 
be  inveftigated  by  the  fame  rule,  by  which 
the  common  velocity  of  hard  or  non-elaflic 
bodies  after  their  impa6l  in  the  fame  direflion 
is  calculated,  putting  the  momentum  of  heat 
to  be  equal  to  its  degree  multiplied  into  the 
quantity  of  heated  matter  ? 

L 3 
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'been  denominated  the  Phiogijlon. 
Of  itfeif  in  its  natural  fhate  of  un- 
combined expanfion,  fire  is  not  efteem- 
ed  capable  of  fhining,  or  burning  ; 
when  chemically  conjoined  with  the 
other  principles  of  bodies,  it  is  that 
alone  which  conceives  and  continues 
thofe  motions,  by  which  bodies  are 
made  to  Ihine,  to  burn,  to  confume 
away.  All  bodies  are  more  or  lefs 
fufceptible  of  combuftion,  accord- 
ing to  the  quantity  of  this  principle 
which  enters  into  their  compofition, 
or  the  degree  of  force  with  which  it 
adheres  to  them.  In  the  a£t  of 
■burning,  and,  it  may  very  probably 
be  during  the  fermentation,  and  pu- 
, trefadlion,  and  chemical  folutions  of 
various  bodies,  it  recovers  its  fluidi- 
ty, is  expanded  and  difperfed  into 
the  air,  or  combined  anew  with  fuch 

. .fubftances 
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fvibilances  as  it  has  an  attraftion  toj 
Notwithftanding  all  that  perhaps  can 
be  faid  upon  the  fubjeft,  I am  lenfi- 
ble  the  reader  will  be  ftill  ready  to 
alk  — %vhat  is phlQgiflon?  You  do  not 
I'urely  expedt  that  chemiftry  Ihould 
be  able  to  prefent  you  with  a hand- 
ful of  phlogidon,  feparated  from  an 
inflammable  bodyj  you  may  juft  as 
reafonably  demand  a handful  of 
magnctifm,  gravity,  or  electricity  to 
be  extracted  from  a magnetic, weighty, 
or  electric  body;  there  are  powers  in 
nature,  which  cannot  otherwife  be- 
come the  objedts  of  fenfe,  than  by 
the  effedls  they  produce,  and  of  this 
kind  is  phlogifton.  But  the  follow- 
ing experiments  will  tend  to  render 

this  perplexed  fubject  fomewhat 

more  clear. 

If  you  take  a piece  of  Julphur, 

L 4.  and 
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^nd  fet  in  on  fire,  it  will  burn  intire- 
ly  away,  without  leaving  any  alhes, 
or  yielding  any  foot.  During  the 
burning  of  the  fulphur,  a copious 
vapour,  powerfully  affeding  the  or- 
gans of  fight,  and  finell,  and  the  ac- 
tion of  the  lungs,  is  difperfed.  Means 
have  been  invented  for  colleding 
this  vapour,  and  it  is  found  to  be  a 
very  ftrong  acid.  The  acid  thus 
procured  from  the  burning  of  ful- 
phur, is  incapable  of  being  either 
burned  by  itfelf,  or  of  contributing 
towards  the  fupport  of  fire  in  other 
bodies;  the  fulphur  from  which  it 
was  procured  was  capable  of  both; 
there  is  a remarkable  difference  then, 
between  the  acid,  procured  from  the 
fulphur,  and  the  fulphur  itfelf ; the 
acid  cannot  be  the  only  conftituent 
part  of  fulphur,  it  is  evident  that 
i fomeihwg 
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fomething  elfe  mud  have  entered  into 
its  compofition,  by  which  it  was  ren- 
dered capable  of  combuftion,  this 
fomething  is,  from  its  mod  remark- 
able property,  that  of  rendering  a ’ 
body  combudible,  properly  enough 
denominated  the  food  of  fire,  the 
inflammable  principle,  t\\Q  phlogifton. 

From  this  analyfis  we  may  con- 
clude, that  the  condituent  parts  of 
fulphur  are  two,  — an  injlammahle 
principle,  which  is  difperfed  in  the 
a6l  of  combudion,  and  an  acid.  The 
proportion  of  thefe  parts  has  been 
afcertained,  and  it  is  found,  that  in 
any  mafs  of  fulphur,  the  weight  of 
the  inflammable  principle,  is  to  that 
of  the  acid,  in  the  proportion  of  3 to 
50  *. 

If 

• The  experiment,  from  which  this  pro- 
portion is  derived,  is  faid  to  have  been  made 

by 
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If  you  burn  charcoal  in  the  open 
.air,  and  hold  a glafs  over  its  flame, 
you  will  perceive  that  it  burns  with- 
out emitting  either  any  watery  va- 
pour or  footy  impurity,  and  nothing 
will  remain,  from  a large  portion  of 
charcoal,  but  a fmall  portion  of  white 
aflies,  which  are  incapable  of  any 
further  combuftion ; the  principle 
effeding  the  combuiiion  of  the  char- 
coal, and  difperfed  by  the  ad  of  com- 
buftion, is  the  phlogifton. 

If  you  fet  Jpirits  of  wine  on  fire, 
they  will,  if  pure,  burn  intirely 
away;  they  differ  from  charcoal  in 

this, 

by  M.  Brandt  with  great  accuracy  about  the 
year  1756.  Spielm  Chem.  p.  1 1 1 . and  Chem. 
Didl.  — Newman  from  a fimilar  experiment 
infers,  that  in  16  ounces  of  fulphnr,  there  are 
upwards  of  15I;  ounces  of  pure  acid,  and  not 
quite  ^of  an  ounce  of  the  inflammable  prin- 
ciple. Newm.  Chem.  p.  168. 
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this,  that  they  emit  a vapour ; butthey 
leave  no  refiduum.  You  may  by 
proper  veffels  colleft  the  vapour  of 
burning  fpirits,  and  you  will  find  it 
to  be  an  infipid  water,  incapable  of 
combuftion.  The  principle  efiedl- 
ing  the  combuftion  of  the  fpirits  of 
wine,  and  difperfed  by  the  adl  of 
combuftion,  is  the  phlogifton. 

Some  metallic  fubfidnces  burn, 
when  fufficiently  heated,  with  a flame 
more  bright  than  that  of  fpirits  of 
wine,  or  charcoal : others  burn  or 
fmother  away  like  rotten  wood,  and 
moft  of  them,  when  they  have  been 
kept  in  the  open  air  in  a proper  de- 
gree of  heat,  lofe  their  metallic  ap- 
pearance,and  are  converted  into  earth. 
Thus  red  lead  is  the  earth  procured 
from  the  burning  of  lead ; and  putty ^ 
fuch  as  the  polilhers  of  glafs  and 

marble. 
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marble  ufe,  is  the  earth  procured 
from  tin  ; the  principle  effedling  the 
combuftion  of  metallic  fubftances, 
and  difperfed  in  the  a£t  of  combuf- 
tion, is  the  phlogifton. 

The  acid  of  the  fulphur',  the  afhes 
of  the  charcoal  \ the  water  of  the 
fpirits  of  wine  •,  the  earths  of  metal- 
lic fubftances,  are  utterly  incapable- 
of  combuftion ; their  refpedtive  dif- 
ferences from  fulphur,  charcoal,  fpi- 
rits of  wine,  and  metallic  fubftances, 
with  refpeil,  not  only  to  inflamma- 
bility, but  to  fmell,  colour,  confift- 
ency,  and  other  properties,  are  at- 
tributed to  the  phlogifton  which  is 
dilperfed  during  the  combuftion  of 
each  of  them. 

This  inftammable  principle,  or 
phlogifton  is  not  one  thing  in  ani- 
mals, another  in  vegetables,  another 


m 


( J73  ) 

in  minerals,  it  is  abfolutely  the  fame 
in  them  all;  juft  as  water  which  en- 
ters into  the  compofition  of  flefh, 
wood,  coal,  is  ftill  water,  though  its 
exiftence  and  liomogeneity  be  ren- 
dered more  doubtful  in  fome  fub- 
Hances  than  in  others.  This  iden- 
tity of  phlogifton  may  be  proved 
from  a variety  of  decifive  experi- 
ments; I will  feleft  a few,  which  may 
at  the  fame  time  confirm  what  has 
been  advanced  concerning  the  con- 
ftituent  parts  of  fulphur. 

From  the  analyfis  or  decompofi- 
tion  of  fulphur  efteded  by  burning, 
we  have  concluded,  that  the  confti. 
tuent  parts  of  fulphur  are  two,  — an 
acid  which  may  be  colleded,  and  an 
infiammabk  principle  which  is  dif- 
perfed ; if  the  reader  has  yet  acquir- 
ed any  real  tafte  for  chemical  truths, 

he 
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He  will  wiOi,fo  fee  this  analyfis  coni 
firmed  by  fynthefis ; that  is,  in  com- 
mon language,  he  will  wifli  to  fee 
fulphur  aftually  made,  by  combining 
its  acid  with  an  inflammable  princi- 
ple. It  feldom  happens  that  che- 
mifts  can  reproduce  the  original  bo- 
dies, though  they  combine  together 
all  the  principles  into  which  they 
have  analyfed  them  ; becaufe  not 
only  the  number  and  proportions  of 
the  principles,  but  the  order  alfo  of 
their  arrangement  mufl:  be  obferved, 
before  that  can  be  effefted ; in  the 
inftance,  however,  before  us,  the  re- 
produflion  of  the  original  fubftance 
will  be  found  complete. 

As  the  inflammable  principle  can- 
not be  obtained  in  a palpable  form 
f pa  rate  from  all  other  bodies,  the 
oidy  method  by  which  we  can  at- 
tempt 
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tempt  to  unite  it  with  the  acid  of 
lulphur,  muft  be  by  prefenting  to 
that  acid  fome  fubftance  in  which  it 
is  contained.  Charcoal  is  fuch  a 
fubftance,  and  by  diftiiling  powder- 
ed charcoal  and  the  acid  of  fulphur 
together,  we  can  procure  a true  yellow- 
fulphur,  in  no  wife  to  be  diftinguilli- 
ed  from  common  fulphur.  This, 
fulphur  is  formed  from  the  union  of 
the  acid  with  the  phlogifton  of  the- 
charcoal ; and  the'  charcoal  may  by 
this  means  be  fo  entirely  robbed  of 
its  phlogifton,  that  it  will  be  reduced 
to  albes,  as  if  it  had  been  burned. 
Animal  fubftances  reduced  to  the 
ftate  of  a black  coal,  will,  by  being 
treated  in  the  fame  way,  yield  ful- 
phur. 

Spirits  of  wine,  we  have  faid,  con- 
ftft  of  phlogifton  united  with  water, 

and 
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and  if  vs^  diftil  a mixture  of  fpirits 
of  v/ine  and  the  acid  of  fulphur,  we 
lhall  towards  the  end  of  the  opera- 
tion obtain  a pure  fulphur. 

Oil  of  turpentine  is  very  inflam- 
mable, and  confequently  abounds 
with  the  principle  which  has  been 
denominated  phlogifton,  and  from  a 
diftillation  of  acid  of  fulphur  with 
oil  of  turpentine,  a fulphur  may  be 
procured. 

But  one  of  the  fhorteft  and  moft 
obvious  ways  of  illuftrating  both  the 
compoficion  of  fulphur  and  the  phlo- 
gifton of  metallic  fubftances,  is  the 
following.  — Upon  melted  lead  pour 
the  acid  of  fulphur ; colleft  the  va- 
pour which  will  arife,  by  holding  a 
very  large  glafs  or  other  veftel  over 
the  melted  lead,  and  you  will,  as  foon 
as  .the  vapour  eondenfed,  obferve 

feverai 
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feveral  filaments  of  fulphur  flicking 
to  the  fides  of  the  glafs  *,  — when  lead, 
is  in  a ftate  of  flrong  fufion,  its 
phlogifton  is  in  a ftate  of  difperfion, 
the  acid  of  fulphur  inftantaneonfly 
unites  itfelf  with  this  phlogifton  and 
forms  fulphur.  It  is  probable,  that 
fulphur  might  be  procured  by  the 
fame  means  from  a variety  of  other 
bodies,  when  in  a ftate  of  adlual  com- 
buftion. 

I will  in  this  place,  by  way  of 
further  illuftration  of  the  term  phlo- 
gifton, add  a v/ord  or  two  concerning 
the  neceffity  of  its  union  with  a me- 
tallic earth,  in  order  to  conftkute  a 
metal. 

Lead,  it  has  been  obferved,  when 
melted  in  a ftrong  fire,  burns  away 
like  rotten  wood;  all  its  properties  as 
a metal  are  deftroyed,  and'  it  is  re-t 
VOL.  I.  ' M ' duced 
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duced  to  afhes.  If  you  expofe  the 
afhes  of  lead  to  a ftrong  fire,  they 
will  melt ; but  the  melted  fubftance 
will  not  be  a metal \ it  will  be  a 
yellow  or  orange  coloured  glafs.  If 
you  pound  this  glafs  and  mix  it  with 
charcoal  duffc,  or  if  you  mix  the  alhes 
of  the  lead  with  charcoal  dull,  and 
expofe  either  mixture  to  a melting 
-heat,  you  will  obtain,  not  a glafs^ 
but  a metal^  in  weight,  colour,  con- 
fiftency,  and  every  other  property 
the  fame  as  lead.  This  operation, 
by  which  a metallic  earth  is  reftored 
to  its  metallic  form,  is  called  Reduc- 
tion. The  afhes  of  lead  melted  ’uoith- 
out  charcoil  become  glafs ; the  afhes 
of  lead  melted  with  charcoal  become 
a metal-,  the  charcoal  then  muft  have 
communicated  fomething  to  the  afhes 
of  lead,>by  which  they  are  changed 
u -from 
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fromaglafs  to  a metal  *,  cliarcoal  coh- 
iifts  but  of  two  things,  of  allies,  and 
of  fhlogifion  'y  the  afhes  of  charcoal, 
'though  uni  ted  with  the  alhes  of  lead, 
“would  only  produce  Jglafs ; it  muft 
^therefore  be  the  other  conftituent 
part  of  charcoal,  or  phlogift:on,which 
is  communicated  to  the  alhes  of  lead, 
and  by  an  union  with  which  the  alhes 
■are  reftored  to  theii*  metallic  form. 
The  alhes  of  lead  can  never  be  re- 
duced to  their  metallic  form,  with- 
out their  being  united  with  fome 
matter  containing  phlogifton,  and 
they  maybe  reduced  to  their  metallic 
form,  by  being  united  with  any  fub- 
ftance  -containing  phlogifton  in  a 
proper  ftate,  whether  that  fubftancc 
'be  derived  from  the  animal,  vegeta- 
ble, or  mineral  kingdom,  (for  tallow, 
■or  iron  filings  may  be  fubftituted 
M 2 with 
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with  fuccefs  in  the  room  of  charcoal, 
in  the  experiment  of  reducing  the 
alhes  of  lead)  and  thence  we  con- 
clude, not  only  that  phlogifton  is  a 
neceffary  part  of  a metal,  but  that 
phlogifton  has  an  identity  belonging 
to  it,  from  whatever  fubftance  in  na- 
ture it  be  extrafted.  And  this  afler- 
tion  ftill  becomes  more  general,  if 
we  may  believe  that  metallic  afhes 
have  been  reduced  to  their  metallic 

w ■ , , 

form,  both  by  the  folar  rays,  and  the 
eleftrical  dre. 
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ESSAY  V. 

Of  the  Origin  of  Subterraneous 
Fires.  ■ 

The  mofl:  remarkable  changes, 
which  have  taken  place  in  the 
form  and  conftitution  of  the  earth, 
fince  the  deluge,  have  probably  been 
produced  by  fubterraneous  fires ; for 
it  is  to  their  agency  that  phildfo- 
phers  afcribe  volcanos  and  earth- 
quakes ; thofe  tremendous  inftru-  . 
ments  of  nature,  bv  which  fhe  con- 
verts  plains  into  mountains,  the- 
oceah  into  ifiands,  and  dry  land  into 
flagnant  pools. 

M 3 . Dr., 
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I>rv  Hooke  formerly  had  maiir- 
tainedthat  all  laad  had  been  raifed 
out  of  the  fea  by  earthquakes ; and 
modern  philofophers  feem  to  admit 
his  hypothefis,  though  not,  perhaps,, 
in  its  utmoft  latitude.  Thus  one  of 
them  is  of  opinion,  that  Icelandy 
which  is  bigger  than  Irdand,  has- 
been  produced  by  volcanos  in  the 
courfe  of  feveral  centuries  *.  Ano- 
ther, after  giving  an  ingenious  con- 
jedture  concerning  the  origin  of  alL 
the  tropical. low  ijles  in  the  fouth-fea, 
affures  us,  that  of  t\iQ  higher  there 
is  hardly  one  of  them  which  has  not. 
llrong  veftiges,^of  its, having  under- 
gone fome  violent  alteration  by 
volcano.  Some  of  them  have  voir 
canos  ftill  fubfifting ; others,  amongft: 

which: 

• See  Letters  on  laland  by  Dr.  Uno  Von. 
*Eroil.,p,  222,  , 
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which  are  0~^aheitee  and  HuaheinCy 
feem  to  have  been  elevated,  in  re- 
mote ages,,  from  the  bottom  of  the- 
fea  by  fubterraneous  fires  *. 

When  thefe  fires  were  firft  kind- 
led j by  what  fort  of  fuel  they  are- 
ftill  maintained ; at  what  depths  be- 
low the  furface  of  the  earth  they  are 
placed;  whether  they  have  a mutual; 
communication ; of  what  dimenfions. 
they  confift ; and  how  long  they  may 
continue,  are  queftions  which  do  not 
admit  anj^fy  decifion.  The  furface 
of  the  earth  is  admirably  fitted  for 
the  fupport  of  the  exiftence  and  well- 
being of  all  the  animals  which  in- 
habit 

♦ Obfervations  made  during  a voyage 
round  the  world  by  Dr.  Forfter,  p,  151 
where  the  reader  will  find,  in  a note,  a learn- 
ed reference  to  the  works  of  a great  many 
authors,  on  the  fubjeft  of*  illes,  raifed  out  of 
the  fea  by  the  adlion  of  a fubterraneous.  fire. 
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habit  it;  God  has  given  aj  the  abi- 
lity alfo  to  penetrate  a very  little  be- 
low this  furface ; and  as  the  reward  of 
our  induftry,  he  has  placed  within- 
our  reach  a great  variety  of  ufeful 
minerals ; but  as  to  the  central  re- 
cefl’es  of  the  globe,  we  can  never 
penetrate  into  them.  A gnat  effay- 
ing  the  feeble  efforts  of  its  fien- 
der  probofcis  againft  the  hide  of  an- 
elephant,  and  attempting  thereby  to 
ihveftigate  the  internal  formation  of 
the  body  of  that  huge  animal ; is  no 
unapt  reprefen  ration  of  man,  attempt- 
ing to  explore  the  internal  ftrudlure 
of  the  earth,  by  digging  little  holes 
vtpon  its  furface. 

But  though  it  will  ever  be  im- 
pofiible  for  us  to  fearch  far  into  the  - 
bowels  of  the  earth,  or  to  imitate, 
in  an  exteniive  degree,  the  great  ope- 
rations 
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rations  which  are  conftantly  carry- 
ing on  beneath  its  furface;  yet  it  af- 
fords a curious  mind,  no  mean  de- 
gree of  fatisfadion  to  be  able,  by  ob- 
vious experiments,  to.  form  fome  rea- 
fonable  conjeftures  concerning  them. 

; Mr.  Lemery  * as  far  as  I have 
been  able  to-  learn,  was  the  firft  per- 
fon  who  illuftrated,  by  adual  ex- 
periment, the  origin  of  fubterraneous 
fires.  He  mixed  twenty  five  pounds 
of  powdered  fulphur,  with  an  equal 
weight  oi  iron  filings,  and  having 
kneaded  the  mixture  together,  by 
means  of  a little  water,  into  the  con- 
fiftence  of  a pafte,  he  pvit  it  into  an 
iron  pot,  covered  it  with  a cloth,  and 
buried  the  whole  a foot  under 
ground.  In  about  eight  or  nine 
' hours 

* Cours  de  Chymie  p.  176.  & Mem.  ds 
1’  Acad,  des  Scien.  a Paris,  Ann.  1700. 
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hours  time  the  earth  fwelled,  grew 
warm,  and  cracked,,  hot  fulphureous 
vapours  were  perceived,  a flame 
which  dilated  the  cracks  was  ob- 
ferved,,the  fuperincumbent earth  was. 
covered  with  a yellow  and  black 
powder  j in  Ibort,  a fubterraneous 
fire,  producing  a volcano  in  minia- 
ture, was  fpontaneoufly  lighted  up,, 
from  the  reciprocal  adlions  of  ful- 
phur,  iron,  and  water. 

That  part  of  this  experiment 
yrhich  relates  to  the  produftion  of 
fire,  by  the  fermentation  of  iron 
filings  and  fiilphur  when-  made  in- 
to a pafte  *,  has  been  frequently.- 

re- 

* The  words  ferment  2C!\d  fermentation^  may 
perhaps  be  improperly  applied  to  the  fpon- 
taneous  tranfpofition , of  parts,. which  takes, 
place  in  mineral  fubfances\  but  the,  reader  can- 
not fail  to  underiland  what  is  meant  by 
them,  when  thus  applied*. 
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repeated  fince  the  time  of  Mr.  Le-^ 
mery*  I myfelf  have  made  it  more 
than  once,  but  I have  nothing 
material  to  add  to  his  account,  ex- 
cept that  the  flame,  when  the  ex- 
periment is  made  in  the  open  air,  is 
of  very  fliort  duration  ; and  that  the 
whole  mafs,  after  the  extiniStion  of 
the  flame,  continues,., at  interv^s,  for 
a longer  or  Ihorter  time,  according 
to  its  quantity,  to. throw  out  fparks;, 
and  that  a ladle  full  of  the  ignited 
mafs,  being  dropped  down  from  a. 
Gonfiderable  height,  defcends  like  a 
Ihower  of  red  hot  afhes,  much  re- 
fembling  the  paintings  of  the  erup- 
tions of  mount  Vefuvius,  which  may, 
be  feen  at  the  Britifh  Mufeum.  It 
has  been  obferved,  that  large  quan- 
tities of  the  materials,  are  not  requi- 
,lite  to  make  the  experiment  fucceed,. 

provided. 
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provided. there  be  a due  proportion 
o£  water;  half  a pound  of  heei  fil- 
ings, half  a pound  of  flov/ers  of 
brimftone,  and  fourteen  ounces  of 
water,  will;  when  well  mixed,  ac- 
quire heat  enough  to  make  the  mafs 
take  fire  *. 

■ That  heat  and  fire  fliould  be  ge- 
nerated from  the  fpontaneous  adlions 
of  minerals^  upon  each  other,  is  a 
phenomenon  by  no  means,  fingular 
in  nature,  how  difficult  foever  it 
may  be  to  account  for  it.  The  heat 
of  putrefcenc  dunghils,  of  the  fer- 
menting juices  of  vegetables,  and 
above  all,  the  fpontaneous  firing'  of 
Hay,  not  properly  dried,. are  obvious 
proofs  .that  vegetables  poffefs  this 
property  as  well  as  minerals.  In 
both  vegetables,  and  minerals,  a defi- 
\ nite 

• * Sags  Miner.  Vol.  I.  p.  42, 
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-nite  quantity  of  moifture  is  requi- 
fite  to  enable  them  to  commence 
that  inteftine  motion  of  their  parts, 
which  is  neceflary  for  the  produc- 
tion of  fire.  Iron  and  fulphur  would 
remain  mixed  together  for  ages  with- 
out taking  fire,  if  they  were  either 
kept  perfeftly  free  from  moifture,  or 
drenched  with  too  much  water;  and 
vegetables  in  like  manner,  which  are 
quite  dry,  or  exceedingly  wet,  are 
incapable  of  taking  fire,  whilft  they 
continue  in  that  ftatet. 

But 

• fub'ftances  when  laid  on  heaps, 

have  been  obferved  to  take  fire,  “M.  Montet 
rapporte  dans  1’  hiftoire  de  1’  Academie  roy- 
ale  des  fciences,  annee  1766,  que  des  petites 
etoffes  appelles  imperiales,  gardees  en  tas, 
prirent  feu  d’  elles-memes.”  Inftruc.  fur  1’ 
mfage  de  la  Houille  par  M.  Venel.  It  is  not 

impro- 
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But  though  it  is  certain,  from  the 
« experiment,  that  mixtures  of  iron 
and  fulphur,  when  moiftened  with  a 
proper  quantity  of  water,  will  fpon- 
taneoufly  take  fire;  yet  the  origin  of 
lubterraneous  fires  cannot,  with  any 
great  degree  of  probability,  be  re- 
ferred to  the  fame  principle,  unlefs 
it  can  be  fhewn,  that  nature  has  com- 
bined together  in  large  quantities 
iron  and  fulphur,  and  diftributed  the 
compofition  throdgh  various  inter- 
nal parts  of  the  earth. 

Now  that  this  is  really  the  cafe  we 
can  have  no  doubt.  There  is,  per- 
haps, 

improbable  that  filings  of  copper  and  other 
metals,  when  mixed  in  a due  proportion 
with  fulphur  and  water,  would  acquire  a 
heat,  and  perhaps  take  fire,  efpecially  if  the 
quantities  were  large ; but  experiments  ctf 
-this  kind  have  not  hitherto  been  made* 
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haps,  no  mineral  more  commonly 
met  with,  than  that  which  is  com^ 
pofed  of  iron  and  fulphur;  it  is  found 
not  only  upon  the  furface  of  the  earth, 
but  at  the  greateft  depths  below  it, 
■to  which  mines  have  been  hitherto 
driven ; not  only  in  England  or  Italy, 
Europe  or  Afia,  but  in  all  parts  of 
the  world.  This  mineral ‘is  called  in 
fome  parts  of  England,  copperas- 
jlone-t  in  others,  in  others, 

hrafs-hmps  in  others,  rt^-iaUs ; in 
others,  horfe-g6U\  in  others,  marca- 
fUe ; though  naturalifts  are  now,  1 
think,  agreed  to  give  that  name  to 
ifuch  mineral  bodies  as  are  angular 
and  cryftallized,  efpecially  into  a cu- 
bical form.  The  fcientific  name  is 
Pyrites,  — fiery ; a denomination  ex- 
_pre0ive  enough  of  the  property,  which 

this 
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this  mineral  has  of  ftriking  fire  with 
fteel,  and  of  fpontaneoufly  taking 
fire,  when  laid  in  heaps,  and  moift- 
ened  with  water. 

Sulphur  and  iron  are  the  chief 
conftituent  parts  of  the  pyrites;  arfe- 
nic,  ■ however,  is  fometimes  united 
with  the  iron  inftead  of  fulphur,  and 
fometimes  fulphur  and  arfenic  are 
both  of  them  combined  with  iron  ; 
the  pyrites  alfo,  accidentally,  con- 
tains copper,  filver,  and  perhaps 
gold ; hence  the  pyrites  has  been 
diftinguilhed  by  mineralogifts  into 
various  forts,  by  attending,  either  to 
its  internal  conftitution,  as  the  iron, 
the  copper,  the  fulphureous,  the 
arfenical  pyrites ; or  to  its  external 
figure,  as  the  pyramidal,  the  cubical, 
the  -fpherical,  the  prifmatic  pyrites ; 
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or  to  its  colour,  as  the  grey,  white, 
yellowifh,  yellow,  orange  pyrites  *. 

Though  the  reader  may  have  never 
contemplated  the  various  fpecies  of 
the  pyrites  in  any  cabinet  of  natural 
hiftory,  or  taken  notice  of  fuch  kinds 
as  are  commonly  to  be  met  with  in 
chalk-pits,  in  beds  of  clay,  or  upon 
the  fea  fhore  in  many  places  of  Eng- 
land ; yet  the  yellowifh  matter,  often 
adhering  to,  or  mixed  with  the  fub- 
ftance  of  pit-coal,  cannot,  furely, 
have  efcaped  his  obfervation;  that 
matter  confifts  of  fulphur  and  irsn^ 
and  is  a fpecies  of  the  pyrites.  So 

much 

* Whoever  w! flies  to  become  fully  ac- 
quainted with  the  natural  hiflory  of  the  py- 
rites, may  coijfult  the  Pyritologia  of  Henckel, 
where  he  will  And  the  origin,  nature,  and 
nfes  of  this  mineral  inveiligated  with  the 
greatefl:  learning  and  ingenuity. 

N 


VOL.  I. 


( 194  ) 

much  of  this  fort  of  the  pyrites  is, 
dug  up  together  with  the  coal,  at 
Whitehaven,  Newcaftle,  and  other 
places,  that  people  are  employed  to, 
pick  it  out  from  amongft  the  coal, 
left  it  ftiould  vitiate  its  quality,  and 
render  it  lefs  faleable.  The  pieces 
of  the  pyrites  which  are  feparated 
from  the  coal,  are  not  thrown  afidc 
as  ufelefs,  but  laid  in  heaps,  for  a 
purpofe  to  be  mentioned  hereafter; 
and  thefe  heaps,  not  many  years 
fince,  took  fire  both  at  Whitehaven^  and 
in  the  neighbourhood  of  Halifax. 
The  fame  accident  was  obferved 
above  a hundred  years  ago  at  Puddle 
Wharf  in  London,  where  heaps  of 
coal,  which  contained  much  of  this 
took  fire*. 

Though  Lemery  was  the  firft 

perfon 

* Jorden  of  Miner.  Wat.  C.  xiy. 
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perfon  who,  by  artificial  mixtures- 
of  fulphur  and  iron,  produced  fire ; 
yet  that  natural  mixtures  of  thefe 
fubftances  would  fpontaneoujly  take 
fire^  was  known  before  he  made  his 
experiment.  Thus,  to  omit  what  is 
faid  by  Pliny  and  the  ancients,  we  are 
told  by  good  authority,  that  one  Wil- 
fon  at  Ealand  in  Torkfhirey  about  the 
year  1664  or  before,  had  piled  up  in 
a barn  many  cart-loads  of  the  pyrites, 
or  brafs-lumps,  as  they  were  called  by 
the  colliers,  for  fome  fecret  purpofes 
of  his  own*,  the  roof  of  the  barn 
happening  to  be  bad,  the  pyrites  were 
wetted  by  the  rain,  in  this  Hate  they 
began  to  fmoke,  and  prefently  took 
fire,  and  burned  like  red  hot  coals 
We  have  an  account,  in  the  Phi- 

lofophical 

• Power’s  Microf,  Obfer.  p.  62* 
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lofophical  Tranfaftions  for  1693 -f, 
of  a covetous  mafter  of  a copperas 
work  at  Whitejlable  in  Kenty  who, 
in  order  to  break  his  neighbour’s 
work,  had  engroffed  all  the  pyrites 
or  copperas-ftone  in  the  country ; he 
built  a fhed  over  two  or  three  hun- 
dred tons  of  thefe  ftones,  to  keep  off 
the  rain.  In  the  fpace,  however,  of 
fix  or  feven  months,  the  mafs  (being 
probably  wetted  by  the  moifture  of 
the  atmofphere,  or  by  the  rain,  which, 
not'.vithftanding  the  fhed,  mightdiave 
fallen  upon  it)  took  fire  and  burned 
for  a"  week  ; it  quite  deftroyed  his 
fhed,  and  difappointed  all  his  hopes 
of  profit-,  for  the  pyrites  was  in  part 
converted  into  a fubftance  like  melt- 
ed metal,  and  in  part  it  looked  like 
red  hot  ftones : all  the  fulphur  was 
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confuined,  and  the  neighbourhood 
was  miferably  afflicted  by  the  noxious 
exhalation  which  it  fent  forth. 

In  the  month  of  Auguft  1751,  the 
Cliffs,  near  Charmouth  in  Dorfetjhire, 
took  fire,  in  confequence  of  a heavy 
fall  of  rain  after  a hot  and  dry  fea- 
fon,  and  they  continued  at  intervals 
to  emit  flame  for  feveral  years. 
Thefe  Cliffs  confifl  of  a dark  colour- 
ed bituminous  loam,  in  which  are  im- 
bedded large  quantities  of  different 
kinds  of  the  pyrites.  The  fame  kind 
of  flame  has  been  frequently  obferved 
in  the  Cornijh  mines,  and  this  mine- 
ral Are  fometimes  leads  to  the  dif- 
covery  of  a mine,  but  wherever  it  is 
found  to  exift,  the  iron  pyrites  is 
generally  difcovered  near  it  *. 

There 

• Philof.  Tranf.  Vol.  LII.  p.  119. 

N3 
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There  are  fome  forts  of  earth 
from  which  alum  is  made,  which 
abound  fo  much  with  the  pyrites, 
that  the  proprietors  of  the  works  are 
forced  to  keep  them  conftantly  well 
watered,  in  order  to  prevent  their 
taking  fire  *.  — But  it  would  be  ufe- 
lefs  to  purfue  this  fubjeft  further,  we 
have  adduced  proof  fufficient,  that 
nature  furnifhes  materials,  which, 
under  certain  circumftances,  may 
become  the  occafion  of  fubterraneous 
fires.  The  requifite  circumftances, 
are  a proper  quantity  of  the  mate- 
rials, a proper  portion  of  water  to 
moiften  them,  aind,  perhaps,  a com- 
munication with  the  air  may  be  ne- 
celfary.  A fmall  quantity  of  the  py- 
rites 

• 'Waller.  Min.  'Vol.  I.  p.  25,  — Henckel 

Pyritol'.  p.  312. Minera.  par  M.  'Val.'  de 

Bomare,  Vol,  1.  p.  296. 
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rites  is  fufficient  to  kindle  a fire, 
water  is  almoft  every  where  found  in 
fucli  great  plenty  below  the  furface 
of  the  earth,  that  it  conftitutes  one 
of  the  greateft  impediments  to  our 
finking  pits  to  any  great  depth;  and 
air,  if  it  fliould  be  thought  abfo- 
lutely  neceffary  to  the  fpontaneous 
firing  of  the  pyrites,  may  be  con- 
ceived either  to  accompany  the  wa- 
ter in  its  dripping,  or  to  defcend  into 
the  innermoil  parts  of  the  earth 
through  the  fifTures  which  are  found 
upon  its  furface.  When  a fubterra- 
neous  fire  is  once  kindled,  it  may 
be  fupported  for  ages  by  other  fub- 
flances,  as  well  as  by  thofe  which  firft 
gave  rife  to  it;  thus,  if  a quantity  of 
the  pyrites  flioulJ  take  fire  in  a Pcra- 
tum  of  coal,  or  of  Jhale^  or  of  any 
other  fubftance,  ftrongly  impregnat- 
N 4 ed 
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cd  with  bitumen,  the  fire  might 
continue  till  the  ftratum  was  con- 
fumed  *. 

There  are  fuch  a great  number  of 
volcanos  now  fubfifting  in  every 
quarter  of  the  globe,  and  fo  many 
unequivocal  veftiges  of  others,  which 
in  length  of  time  have  become  ex- 
dndt,  that  feme  philofophers  think 
they  have  reafon  on  their  fide  in  fup- 
pofing  either,  that  the  earth,  at  fome 
confiderable  diftance  below  its  fur- 
face,  is  furrounded  with  a ftratum 

of 

* There  are  fome  coaleries  on  fire  now  m 
Scotland,  which  were  on  fire  in  the  time  of 
Agricola.  — Pennant’s  Tour  in  Scot.  Part  IL 
p.  201.  See  an  account  of  the  coaleries  on 
lire,  in  Stafford fhire,  in  Dr.  Plott’s  Nat,  Hifi. 
of  that  County;  and  of  the  fubfiances,  fu- 
blimed  from  the  burning  coal-pits  at  New- 
callle  in  Philof.  Tranf.  for  1676. 
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of  ignited  matter  of  a definite  thick- 
nefs ; or  that  the  whole  central  part 
of  it  is  nothing  but  a mafs  of  melted 
minerals,  which  every  where  ftrug- 
gling  for  vent,  burfts  forth  where 
there  is  the  leaft  refiftance,  fhivering 
into  rude  fragments  the  fuperincum- 
bent  cruft  of  earth,'  and  deluging 
with  mountainous  torrents  of  liquid 
fire  the  adjoining  countries. 

■We  do  not  know  of  what  kind  of 
materials  the  inward  part  of  the  earth 
is  compofed ; the  water,  coal,  earths, 
ftones,  metals  met  with  upon  its  fur- 
face,  have,  bulk  for  bulk,  very  dif- 
ferent weights,  and  a fimilar  inequa- 
lity of  fimilar  materials  may  take 
place  at  all  depths  below  the  furface. 
It  has  been  gathered,  however,  from 
very  ingenious  obfervations  and  cal- 
culations, upon  the  attraction  of  the 
" hill 
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hill  Schehallein  in  Scotland,  that  the 
mean  denfity  of  the  whole  earth  is 
about  four  times  and  a half  the  den- 
fity of  water,  the  mean  denfity  of 
(tones,  fuppofe  Portland  Hone,  being 
two  times  and  a half  the  denfity  of 
water*.  Hence  if  this  globe  of 
earth  could  be  weighed  in  a fcale, 
it  would  require  two  equal  globes  and 
a half  of  Portland  ftone,  or  four 
equal  globes  and  a half  of  water  to 
balance  it.  The  whole  earth  being  fo 
much  heavier,  bulk  for  bulk,  than 
the  general  matter  near  its  furface 
it  has  been  conjeftured,  that  there 
itiuft  be  fomewhere  within  the  earth 
tov/ards  the  more  central  parts,  great 
quantities  of  metals,  or  fuch  like 
deni'e  matter,  to  counterbalance  the 
lightnefs  of  the  fuperficial  materials, 

fo 


* Philof.  Tranf.  1778.  p.  784. 
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fo  as  to  make  up  the  whole  weight 
of  the  earth.  Suppofing  the  dia- 
meter of  the  earth  to  be  7920  miles, 
and  that  it  was  compofed  of  an  in- 
ward globe  5110  miles  in  diameter, 
and  of  an  outward  fpherical  fhell 
1405  miles  in  thicknefs',  the  matter 
of  the  inward  globe  being  as  heavy 
nearly  as  melted  lilver,  and  the  mat- 
ter of  the  outward  cruft  being  as 
heavy,  at . a medium,  as  Portland 
ftone;  then  would  the  weight  of  fuch 
an  inward  globe,  and  fuch  an  out- 
ward Ihell  or  cruft,  be  together  equal 
to  the  prefent  weight  of  the  whole 
earth.  But  confidering  the  great 
GomprelTibility  of  water,  and  of  the 
ftones  and  earth  met  with  upon  the 
furface  of  the  globe,  it  is  probable, 
that  in  defeending  towards  its  cen- 
tre, the  parts  may  be  fo  condenfed 


as 


( 204  ) 

as  to  make  the  weight  of  the  earth 
what  it  is,  without  fuppofing  its 
central  parts  to  be  compofed  of 
materials  different  from  its  fuperfi- 
cial  parts*. 

But  to  return  to  our  experiment. 
I need  ufe  no  arguments  to  prove, 
that  either  the  fulphur,  or  the  iron, 
or  both  have  undergone  a great 
change,  during  their  fermentation : 
we  can  have  no  difficulty  in  think- 
ing, that  the  fulphureous  fleams, 
hear,  flame,  and  fire,  which  attended 
the  mutual  aftion  of  fulphur  and  iron 
upon  each  other,  could  not  have  been 
produced  without  the  bodies  them- 
felves  having  fuffered  fome  change. 
This  change  is  viflble  from  infpedt- 
ing  the  mixture  before  and  after  its 

fer- 

• See  Mr.  Michell’s  very  ingenious  ElTay 
on  Earthq^uakes. 
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fermentation;  from  a greyifli  colour, 
it  will  be  turned  wholly  black,  or  of 
a deep  red ; it  will  be  rendered  more 
manifeft  by  tailing  it:  neither  fulphur 
nor  iron  have  any  tafte,  nor  has  the 
mixture  of  the  two  any  tafte  before 
its  fermentation,  but  after  that  is  fi- 
nifhed  it  has  a very  faline  tafte,  the 
nature  of  the  fait  contained  in  it  will 
be  examined  in  the  next  Efiay. 


ESSAY 


/ 


ESSAY  VI. 


Of  Vitriols^  and  the  reputed  ‘Tranf- 
mutation  of  Iron  into  Copper. 

nature  of  the  refidue,  re- 


JL  fulting  from  the  fermentation 
of  iron  filings  and  fulphur,  may  be 
eafily  afcertained.  Its  tafte  indicates 
that  it  contains  fome  faline  fubftance; 
in  order  to  fee  what  that  fubftance 

is,  it  muft  be  boiled  in  water;  by 
this  means  all  the  fait  contained  in 

it,  of  v/hatever  quality  it  may  be, 
will  be  extrafted.  The  water,  con- 
taining the  fait  in  folution,  being  fil- 


trated. 
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trated,  evaporated,  and  cryftallized, 
according  to  the  ufual  mode,  we 
fhall  obtain  large  faline  cryftals,  of 
the  colour  of  an  Emerald,  and  of  the 
figure  of  a lozenge.  This  fait  is 
called  green  vitriol ; green  from  its 
' colour,  and  vitriol  from  its  refem- 
bling  vitrum^  or  glafs,  by  its  tranfpa- 
rency. 

This  fait  certainly  did  not  exift, 
either  in  the  fulphur,  or  in  the  iron, 
it  muft"  therefore  arife  from  their 
mixture;  but  from  a mere  mixture 
of  fulphur  and  iron,  no  fait  can  be 
extraded,  unlefs  the  fubftances  of 
which  it  confifts,  have  been,  by  fome 
means  or  other,  decOmpofed.  The 
reader  may  probably  recolleft,  that 
fulphur  is  compofed  of  two  things, 
— of  an  acid^  and  oi phlogijton. — Iron 
alfo  is  compofed  of  two  things,  — of 


an 
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an  edrtH,  and  of  ■phlogifien.  During’ 
the  fermentation  of  the  mafs  of  ful- 
phur  and  iron,  the  phlogifton,  or  in-- 
flammable  part  of  them  both,  is  dif- 
perfed;  and,  indeed,  in  being  dif-- 
perfed,  it  becomes  the  caufe  of  the 
heat,  fire,  and  flame,  obfervable  in^ 
that  mafs..  The  inflarhmable  part,, 
both  of  the  fulphur  and  of  iron,  be- 
ing difperfed,  there  rem.ains  the  acid\ 
of  the  fulphur,  and  the  earth  of  the- 
iron.  The  acid  of  fulphur  is  a very 
flrong  acid,  it  diflfoives  many  bodies- 
with  great  facility,  and  when  it  is- 
diluted  with  water,  it,  in  particular,. 
diflTolves  iron  ; and,  by  its  union  with 
the  earth  of  iron,  it  compofes  the- 
falt  in  queftion. 

That  this  is  a true  explanation  of 
the  origin  of  this  fait,  will  appear 
evident  from  the  following  confidera- 

O 
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don.  If  into  a quantity  of  the  acid 
procured  from  the  burning  of  ful- 
phur,  you  put  a piece  of  iron,  the 
iron  will  be  wholly  difiblved  in  the 
acid,  as  fait  is  dilTolved  in  water-, 
and  if  vou  faturate  the  acid  with 

j 

iron,  and  then  evaporate  and  cryftal- 
lize  the  folution,  you  will  obtain  a 
green  vitriol,  fimilar,  in  every  re- 
fpeft,  to  that  obtained  from  the  re- 
fidue  of  which  we  are  fpeaking. 

The  compofition  of  green  vitriol 
has  been  fully  explained,  and  its  de- 
compolition  or  analyfis  will  fill  fur- 
ther illuftrate  its  nature,  and  leave 
no  doubt  of  the  truth  of  the  propo- 
fition  which  aflerts,  that  — green  vi- 
triol confifts  of  the  add  of  fulphur 
united  to  iron,  or  more  properly  to 
the  earth  of  iron. 

If  you  put  1 6 ounces  of  fre(h 
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green  vitriol  into  a retort,  and  diftil 
them  till  nothing  more  can  be  forc- 
ed into  the  receiver,  by  the  utmofl: 
violence  of  a long  continued  fire  ^ 
you  will  find  in  the  receiver  about 
1 1 ounces  of  an  acid  liquor,  fmelling, 
in  all  the  trials  that  I have  ever 
made,  very  ftrongly  of  fulphurj  and 
in  the  retort  you  will  find  about  5, 
ounces  of  an  earth,  of  a deep  red  or 
purplifh  colour.  The  acid  liquor, 
by  combining  it  again  with  iron, 
may  be  made  into  vitriol;  and  the 
earth  by  being  properly  melted  in 
conjundlion  with  any  matter,  which 
will  reftore  to  it  its  inflammable  prin- 
ciple, may  be  made  into  iron.  The 
proportionable  quantities  of  acid  and 
earth,  procurable  from  green  vitriol 
by  diftillation,  are  purpofely  exprelT- 
ed  in  terms  rather  indefinite,  becaufe 
o 2 that 
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that  proportion  is  fomewhat  variable 
in  different  vitriols. 

The  earth  remaining  from  the 
diftillation  of  vitriol  is  called  Colco- 
thar-,  I would  not  have  troubled  the 
reader  with  fo  barbarous  a name, 
but  for  an  obfervation  relative  to 
its  ufe,  which  may  be  worth  men- 
tioning. 

Colcothar  is  fold  for  ten  pence  a 
pound  in  Fciris-,  it  is  ufed  for  giv- 
ing the  laft  polifh  to  plate-glafs,  at 
the  great  manufaftury  in  the  ftreet 
St.  Antoine.  The  largefl:  plate  of 
glafs  which  had  ever  been  polifh- 
ed  in  that  manufadtury,  they  in- 
formed me  ten  or  twelve  years  ago, 
was  ten  feet  in  length,  and  fix  in 
breadth.  The  glafs  is  brought  from 
Picardy,  it  is  there  melted  in  large 
crucibles,  and  fpread,  whilft  liquid, 

upon 
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upon  a table  covered  with  a flieet 
of  copper  •,  much  after  the  fame 
manner  in  which  plumbers  caft;  a 
flieet  of  lead.  The  plate  of  glafs, 
when  firft  caft,  is  an  inch  in  thick- 
nefs;  its  afperities  are  ground  away 
with  a coarfe  kind  of  grit-ftone, 
with  fand,  and  emery,  of  different 
degrees  of  finenefs,  and  it  is  at  laft 
polifhed  by  colcothar. 

I do  not  know  whether  the  ufe  of 
colcothar,  is  adopted  in  cur  Englifli 
plate  glafs  manufadlury  near  Prefcot 
in  Lancajhire,  having  not  been  fortu- 
nate enough,  to  obtain  perrniffion  to 
fee  it.  But,  both  to  the  proprietors 
of  that  manufaclurv,  and  to  the  oa- 
tentees,  for  polifliing  marble  at  Aj7i- 
ford  in  Derbyfliire,  1 take  the  liberty 
to  fupgeft,  that  colcothar  which  is 
very  cheap,  might  perhaps  render 
o 3 the 
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the  ufe  of  putty.,  or  calcined  tin  lefs 
necellary. — Would  it  not  be  poflible 
to  apply  the  fame  kind  of  machines, 
by  which  marble  is  polifhed,  to  the 
polilhing  of  plate-glafs?  — But  to 
return  from. this  digreffion. 

The  acid  feparated  from  vitriol, 
by  diftillation,  is  called  tht  .vitriolic 
acid’,  from  what  has  been  faid,  rela- 
tive to  the  formation  of  vitriol,  it 
manifeftly  appears  to  be  the  fame 
with  that,  which  enters  into  the  com- 
polition  of  fulphur ; and  indeed  the 
main  part  of  what  is  fold  as  vitriolic 
acid,  is  now  obtained  by  colleding 
the  vapour  of  burning  fulphur,  and 
not,  as  it  ufed  formerly  to  be,  from 
the  diftillation  of  vitriol. 

It  muft  not  be  imagined,  that  the 
acid  liquor  procured  from  the  diftil- 
lation  of  the  i6  ounces  of  vitriol, 

confifts 
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confifts  intirely  of  the  vitriolic  acid  ; 
it  confifts  of  that  acid  diluted  with 
a large  portion  of  pure  water.  If 
care  had  been  taken  to  feparate  the 
different  produds  as  they  arofe, 
during  the  diftillation,  we  ■ might 
have  procured,  by  a very  gentle  fire, 
fix  or  feven  ounces  of  water  wholly 
infipid ; this  is  the  water  of  cryftal- 
lization  before  fpoken  of*,  it  is  call- 
ed the  -phlegm  of  vitriol:  after  the 
reparation  of  this  water,  by  a 
ftronger  degree  of  heat,  we  Ihould 
have  obtained  an  ounce  or  two  of 
water  flightly  impregnated  v/ith  an 
acid,  this  is  called,  fpirit  of  vitriol-, 
laftly  with  a very  violent  fire,  we 
fhould  have  gotten  a very  ponderous 
and  ftrong  acid,  having  an  unduous 
appearance,  and  from  that  appear- 
04 
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ance,  generally,  but  improperly,  call- 
ed, oil  of  vitriol.  This  oil  of  vitriol 
is  not  always  fluid,  fometimes,  when 
it  is  exceedingly  ftrong,  it  has  been 
obferved  to  become  folid ; in  that 
ftate  it  is  denominated,  glaciaf  or 
icy  oil  of  viiriol. 

It  was  Ihewn  in  the  laft  efiTay^  that 
natural  combinations  of  iron  and 
fulphur,  were  fubjecl  to  the  fame 
fpontaneous  changes  obfervabie  in 
the  artificial  mixtures  of  thefe  fub- 
ftances  •,  and  hence  we  may  clearly 
apprehend  the  manner  in  which^ 
what  are  called,  native  vitriols,  are 
formed  in  mines  and  other  fubterra- 
neous  cavities.  The  pyrites  exifting 
in  thefe  places  being  naturally  de- 
compofed,  by  the  fulphur’s  parting 
with  its  phlogifton,  the  water  which 
is  always  dripping  in  mines,  diffolves 

the 
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the- vitriol  generated  in  the  decom- 
pofed  pyrites,  and  being  afterwards 
evaporated,  either  by  the  heat,  or  the 
current  of  air  fubfifting  in  the  mine, 
the  vitriol  is  found  in  its  cryftalline 
form,  either  projeding  like  icicles, 
from  the  top  and  fides  of  the  mine, 
or  lying  in  cavities  at  its  bottom. 
The  cryftals  of  native  vitriol,  are 
more  or  lefs  regular,  according  to  the 
circumftances  attending  the  evapo- 
ration of  the  water,  and  they  are  of 
different  colours  according  to  the 
quality  of  the  pyrites ; for  together 
with  the  fulphur  and  iron,  the  chief 
conftituent  parts  of  the  pyrites,  there 
is  fometimes  combined  copper,  and 
other  metallic  matters,  which  being 
dilfolved  by  the  acid  of  the  fulphur 
at  the  fame  time  that  the  iron  is  dif- 
folved,  a mixed  vitriol  is  produced, 

the 
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the  colour  of  which  is  fometimes 
vvhitilh,  more  generally  It  confifts  of 
different  fhades  of  green  and  blue. 

Native  vitriol  is  often  met  with  in 
our  coal  mines ; from  an  old  Cannel- 
coal  pit  near  Wigan  in  Lancafhire,  I 
procured  a confiderable  quantity  of  it 
very  well  cryftallized ; and  Dr.  Rutty 
has  obferved,  that  the  vitriolic  water 
at  Haigh  in  Lancafhire,  is  the  ftrong- 
eft  in  Britain,  yielding  i'920  grains 
of  vitriol  from  a gallon  of  water  *. 

When  I was  at  Whitehaven.,  fome 
years  ago,  I was  informed  by  the  very 
intelligent  fuperintendent  of  the  coal 
works  in  that  place,  that  the  bottom 

of 

* Philof.  Tranf,  1756.  p.  650.  See  alfo, 
for  an  Examination  of  this  Haigh  water, which 
fprings  from  a flratnm  of  the  cannel  coal, 
Leigh’s  Tentamen  Philo,  de  Fonte  Med.  in 
Agro  Lancaf.  C.  1. 
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of  a pump  of  caft  iron,^  which  had 
flood  a long  time  in  a well  of  vitriolic 
water,  was  fo  much  foftened,  that, 
after  removing  a thin  coat  of  ruft,  he 
was  able  to  cut  it  with  a knife,  as 
eafily  as  he  could  cut  black  lead ; it 
had  preferved  its  grain,  and  was  not 
in  any  wile  altered,  except  in  being 
foftened. 

At  that  time,  I attributed  this 
foftening  of  the  iron  to  the  adlion  of 
the  vitriolic  water,  and  thought  it  a 
very  Angular  phenomenon;  in  this, 
however,  I was  miftaken ; fea  water 
has  the  fame  effedl.  Some  iron  can- 
non, which  had  lain  in  the  fea  up- 
wards of  fixty  years,  were  weighed 
up,  and  the  iron  was  found  to  be  as 
foft.as  tin,  though  in  24  hours,  by 
being  expofed  to  the  air,  it  recovered 

its 
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its  original  hardnefs  *.  This  foften- 
ing  of  iron  is  not  an  effedt  peculiar 
to  the  adlion  of  either  vitriolic,  or 
fea  water ; I have  fomewhere  read  of 
an  experiment  of  foftening  iron  by 
fmearing  its  furface  with  the  acid  of 
vitriol ; and  1 have  heard  of  a gen- 
tleman, who  having  frequently  ftirred 
faline  draughts  with  his  penknife, 
found  its  temperature  much  foftened 
thereby.  Diodorus  Siculus  mentions 
a cuftom  of  the  Celtiberians,  by  which 
they  made  their  arms  of  incompara- 
ble hardnefs  •,  they  buried  plates  of 
iron  under  the  earth,  till  the  weaker 
part  of  the  iron  was  confumed  by  the 
ruft,  and  they  fabricated  their  arms 
from  the  remainder  The  inhabi- 
tants 

* Hift.  de  1’ Acad,  des  Scien.  a Paris,  an. 
1756. 

J Diod.  Sic.  L.  V.  p.  356. 
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tants  of  Japan  are  faid  to  make  ufe 
of  the  fame  artifice  -f.  The  time, 
however,  in  which  the  iron  is  fuffer- 
ed  to  He  in  the  ground,  muft  not  be 
too  long ; for  the  iron,  inftead  of 
being  foftened  and  meliorated,  will 
in  length  of  time  be  wholly  changed, 
as  is  faid  to  have  happened  to  fome 
Spanifh  cannon  made  of  hammered 

iron, 

f In  itinerariis  referunt  aliqui  de  Japanen- 
libus  quod  ferrum  fuum  in  contos  excufum 
locis  paluftribus  immergant,  et  ibi  tamdiu 
relinquant,  dum  ad  multam  partem  ferrugine  , 
fit  confumtum  ; exemtum  dein  e novo  excu- 
dant,  et  iterum  in  paludi  per  fpatium  8 vel 
10  annorum  recondant,  ufque  dum  iterum  in 
aqua  paludinofa  falfa  admodum  exefum  fit: 
pars  ferri  quas  reftat  fpeciem  chalybis  referre 
perhibetiir,  exinde  dein  vomeres  fabricant, 
exque  ferro  fic  rubiginofo  inilrumenta  fua  et 
utenfilia  conficiunt.  Sweden,  de  Ferro,  Vol. 
L p.  194. 
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iron,  which  had  lain  many  years  un- 
der the  old  fort  at  Hull  in  Torkjhire  j 
the  iron  being  changed  into  a brittle 
kind  of  ftone  refembling  an  iron  ore, 
and  refufing  to  obey  the  aftion  of 
the  magnet  *. 

Modern  chemifts  apply  the  name 
vitriol^  to  every  combination  of  the 
acid  of  fulphur  with  any  metallic 
fubftance;  three,  however,  of  thefe 
combinations  are  more  particularly 
■ diftinguifhed,  being  of  great  ufe  in 
various  manufaftures,  — green  vitriol 
— blue  vitriol  — white  vitriol.  The 
acid  in  all  thefe  vitriols  is  the  fame, 
the  metallic  bafis  of  the  green  vitriol 
we  have  already  feen  is  iron,  that  of 
the  blue  vitriol  is  copper,  and  that 
of  the  white  vitriol  is  zinc.  Vitriol  is 
very  commonly  called  by  the  manu- 

fadurers 

• Lifter’s  Journey  to  Paris,  p.  84.  Ed.  1699. 
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fafturers  copperas^  thus  we  conftantly 
hear  of  green,  blue,  and  white  cop- 
peras; the  conftituent  parts  of  the 
different  kinds  of  vitriols  were  not 
underftood  by  the  ancients,  fo  well 
as  they  are  at  prefen  t ; they  feem  to 
have  had  an  idea,  that  copper  was 
the  bafis  of  them  all ; hence  the 
Greek  term  for  vitriol,  chalcanthos^ 
the  efflorefcence  of  copper,  and  the 
Latin  one,  cuperofa,  or  cupri  rofa,  the 
flower  or  efflorefcence  of  copper, 
from  which  the  French  couperofe,  and 
our  copperas,  are  evidently  derived. 

The  vitriols  which  nature  prepares, 
are  never  to  be  met  with  in  commerce ; 
they  ferve  to  adorn  the  cabinets 
of  the  curious,  but  they  are  neither 
fufficiently  pure  for  the  purpofes  to 
which  common  vitriols  are  applied, 
nor  are  they  found  in  fufficient  quan- 
* . tides, 
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tides,  to  anfwer  the  demand  which 
is  made  for  them.  Green  vitriol  is 
made  at  Deptford  and  other  places, 
from  a fpecies  of  the  pyrites  found 
on  Shepey  Ifle,  the  Ifle  of  Wight,  and 
various  parts  of  the  Effex,  Kentifh, 
Sujfex,  and  Dorfetjhire  coafts.  Large 
quantities  of  the  pyrites  are  laid  in 
heaps  in  the  open  air,  on  beds  pro- 
perly prepared  •,  in  half  a year,  a year, 
two  years,  fooner  or  later,  according 
to  its-quality,  the  pyrites  acquires  a 
fpontaneous  heat ; that  heat,  without 
being  increafed  to  fuch  a degree  as  to 
fire  the  pyrites,  infenfibly  difperfes 
the  inflammable  principle  of  the  ful- 
phur,  one  of  the  conftituent  parts  of 
the  pyrites ; the  acid  of  the  fulphur, 
being  thus  difengaged  from  the  in- 
flammable principle,  unites  itfelf  to 
the  other  principal  conftituent  part 

of 
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of  the  pyrites,  the  iron,  and  forms 
green  vitriol.  The  vitriol  thus 
formed,  is  waftied  from  the  pyrites* 
bed  by  the  rain  *,  the  rain  water,  which 
has  diflblved  the  vitriol  of  the  pyrites, 
cannot  fink  into  the  earth,  the  bed 
on  which  the  pyrites  is  fpread  being 
formed  of  clay,  and  being  made, 
moreover,  in  a Hoping  pofition,  the 
diflblved  vitriol  runs  into  receptacles 
properly  placed  to  receive  it,  and  be- 
ing boiled  with  old  iron  till  it  is  of  a 
proper  confiftency,  it  is  run  off  into 
coolers,  and  left  to  cryftallize.  Vi- 
triol may  be  made  without  the  ufe  of 
old  iron,  but  the  liquor  which  drains 
from  the  pyrites  being  often  not  fa- 
turated  with  iron,  the  iron  is  added 
to  faturate  the  acid,  and  at  the  fame 
time' to  purify  it  from  any  particles 
of  copper  it  may  chance  to  con- 
VOL.  I.  P tainj 
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tain ; by  this  means  a pure  iron  vh 
triol  is  obtained,  which  is  known  in 
commerce  under  the  name  of  Englifh 
vitriol.  The  quantity  of  old  iron,  in 
fome  works,  amounts  to  two  hundred 
weight  in  making  a ton  of  vitriol. 

Much  after  the  fame  manner,  vi- 
triol is  made  from  the  pyrites  found 
amongfl:  coal  ; there  are  manufadtu- 
ries  of  it  near  Wigan^  at  Whitehaven, 
at  Newcafile  upon  Tyne,  and  in  feveral 
other  parts  of  the  kingdom.  But 
all  the  vitriol  works  have  funk  in 
value  of  late  years  ; the  home  con- 
fumption  of  vitriol  being  much  dimi- 
nifhed  fince  the  acid,  which  ufed  to  be 
procured  from  the  difcillation  of  vi- 
triol, has  been  obtained  from  the 
burning  of  fulphur. 

It  is  not  eafy  to  determine  when 
•this  method  of  making  vitriol  was 
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introduced  into  England.  In  the 
very  beginning  of  Queen  Elizabeth’s 
reign,  a patent  was  granted  to  Cor- 
nelius Devoz,  for  making  alum  and 
copperas*;  but  it  was  not  till  to- 
wards the  end  of  the  laft:  century, 
that  this  art  of  making  vitriol  was 
brought  to-fo  great  perfeftion  as  to 
enable  us  to  export  any  of  it  -j- ; and, 
indeed,  Ja  very  deep  and  judicious 
inquirer  into  things  of  this  kind, 
alTures  us,  that  “ at  the  latter  end  of 
the  lafl  century,  we  imported  annu- 
ally about  500  tons  of  vitriol,  and 
that  we  now  export  upwards  of  2000 
tons.”  It  appears,  that  there  was 
exported,  from  the  port  of  London 

alone, 

• Oper.  Min.  expllcat.  p.  26. 

f Boyle’s  Works. 

1 Campb.  Survey  of  Brit,  Vol.  II.  p.  21. 
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alone,  near  400  tons  of  copperas  5n 
three  months,  January,  February,  and 
March,  1 776  *.  A fmall  quantity  of 
vitriol,  perhaps  to  the  annual  amount 
of  50  or  60  tons,  is  ftill  imported  into 
England ; fome  particular  dyers,  and 
other  artifts,  being  of  opinion,  that 
the  foreign  vitriol,  as  containing  a 
little  copper,  is  more  ufeful  to  them 
than  the  Englilh  vitriol. 

It  may  eafily  be  known  whether 
green  vitriol  contains  any  copper; 
we  need  only  rub  the  vitriol  to  be 
examined,  upon  a moiftened  piece  of 
poliftied  iron,  for  if  there  is  any  cop- 
per in  its  compofition,  the  iron  will 
be  changed  into  a Copper  colour. 
This  experiment  renders  it  neceflary  ' 
to  explain  to  the  reader  two  terms, 

fre- 

• See  Sir  Charles  Whitworth’s  Reg.  of 
Trade,  No.  I. 
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frequently  met  with  in  chemical' 
books  — affinity  and  precipitation. 

When  two  heterogeneous  bodies, 
as  an  acid  and  iron,  coalefce  toge- 
ther, and  conftitute  by  their  union  a 
third  body  different  from  either  of 
them,  their  union  is  faid  to  proceed 
from  their  mutual  attraction,  or  in 
the  language  of  German  philofophy, 
from  their  mutual  affinity.  It  may 
reafonably  be  conjefrured,  that  the 
affinity  of  the  fame  body,  of  the  fame 
acid  for  inftance,  may  be  different 
with  different  bodies;  its  afrion  up- 
on iron,  may  be  different  from  its 
adlion  upon  copper;  and  its  action 
upon  any  metallic  fubflance,  may  be 
different  from  its  aflion  upon  any  al- 
kaline or  earthy  fubflance  : becaufe, 
from  whatever  attractive  powers  we 
lappofe  its  aCtion  upon  any  body  tO' 
P 3 pro- 
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proceed,  it  feems  probable  enough, 
that  their  efFefts  will  be  modified, 
according  to  the  nature  of  the  fubjedt 
iipon  which  they  are  exerted.  A fevv 
inftances  will  make  this  matter  clear* 
Spirits  of  wine  very  readily  dif- 
folve  a portion  of  camphor;  that  is, 
the  particles  of  the  fpirits  of  wine 
fo  powerfully  atlraSI  the  particles- 
of  camphor,  that  they  unite  them- 
fclves  with  the  camphor  in  fuch  a 
way,  as  to  compofe  with  it  a pel- 
lucid fluid.  Spirits  of  wine,  how- 
ever, more  powerfully  attradt  wa- 
ter, than  they  attradt  camphor 
for  if  you  mix  water  v/ith  cam- 
phorated fpirits  of  wine,  you  will 
fee  that  the  fpirits,  quitting  their 
connexion  with  the  camphor,  will 
vmite  themfelves  with  the  water,  and 
the  camphor  being  lighter  than  wa- 

ter. 
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ter,  will  rife  up  to  the  furface.  La- 
vender water  confifts  of  the  oil  of  la- 
vender diflblved  in  fpirits  of  wine;  in- 
to a glafs  of  water,  drop  a few  drops 
of  lavender  water ; the  fpirits  of  wine 
will  quit  the  oil,  in  order  to  unite 
themfelves  with  the  water,  and  the 
oil  beine  liahter  than  water  will  float 
upon  its  furface.  In  both  thefe 
cafes,  the  fpirits  of  wine  are  faid  to 
have  a greater  affinity  with  water, 
than  with  camphor  or  oil  of  la- 
vender. 

Into  a folution  of  green  vitriol, 
drop  a folution  of  pot-afh,  fait  of 
tartar,  or  any  alkaline  fait;  the  vi- 
triolic folution  will  let  fall  a fedi- 
ment ; continue  to  mix  the  alkali 
with  the  folution  of  vitriol,  till  no. 
more  matter  falls  to  the  bottom;  the 
matter  which  falls  to  the  bottorn,  is 
P 4 faid 
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faid  to  ht  precipitated^  and  it  is  often 
called  z precipitate.  This  efFe£l  may 
be  thus  explained  ; — green  vitriol 
confifts  of  two  things,  — of  an  acid, 
and  of  an  iron  earth  j but  the  acid 
has  a greater  difpofition  to  unite  itfelf 
with  any  alkali,  than  it  has  to  con- 
tinue united  with  the  earth  of  iron 
when  therefore  an  alkali  is  prefented 
to  if,  it  quits  the  iron  earth,  which,, 
thus  wanting  its  fupport,  falls  to  the 
bottom,  and  it  unites  itfelf  with  the 
alkali.  The  acid  of  vitriol  is  there- 
fore, on  this  account,  faid  to  have  a 
greater  affinity  with  any  alkaline  fait, 
than  with  iron,  becaufe  any  alkaline 
fait,  will  feparate  the  iron  from  the 
acid.  What  is  precipitated  may  be 
made  into  iron*,  and  if  the  liquid,, 
which  floats  upon  the  precipitated 
earth, be  evaporated  and  cryftallized,. 

It 
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it  will  give  the  very  kind  of  falt» 
which  would  arife  from  a direft  com- 
bination of  the  acid  of  vitriol  with 
the  alkali  which  occafioned  the  pre- 
cipitation. I will  mention  one  other 
inftance. 

Blue  vitriol  confifts  of  copper 
united  with  the  acid  of  vitriol : if  to 
a folution  of  blue  vitriol  you  add  a 
piece  of  bright  iron,  it  will  prefently 
become  covered  with  a coppery  coat,, 
the  copper  will  all  ht  precipitated^  and 
the  iron  will  be  dijfohed  in  its  (lead. 
The  proof  of  this  rcafoning  is  eafy; 
the  matter  which  is  precipitated  may 
be  melted  into  copper,  and  the  liquid 
part  may,  by  evaporation  and  cry- 
ftallization,  be  made,  not  into  bluey 
but  into  green  vitriol \ that  is,  into  a 
combination  of  the  vitriolic  acid  and 
iron.  Hence  it  is  faid,  that  the  acid  of 


VI- 
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vitriol  has  a greater  affinity  with  iron, 
than  it  has  with  copper,  becaufe  it. 
quits  copper  to  unite  itfelf  with  iron. 
In  order  to  be  convinced  of  the  truth 
of  what  is  advanced,  we  need  only  dip 
a bright  key  into  a folution  of  blue 
vitriol,  and  we  fhall  fee  the  key  pre- 
fently  becoming  covered  with  a cop- 
per- coloured  pellicle. 

This  experiment  explains  to  us,. 
in  a very  fatisfadlory  manner,  the  na- 
ture of  that  tranfmutaHon  of  iron  into- 
topper,  which  travellers  have  been  fo 
much  furprifed  at.  Agricola  (peaks 
of  waters  in  the  neighbourhood  of 
Newfol  in  Hungary,  which  had  the 
property  of  tranfmuting  the  iron, 
which  was  put  into  them,  into  cop- 
per*. In  the  year  1673,  cur  coun- 
tryman Dr.  Brown  vifited  a famous 

cop- 


♦ Agric.  Fof.  L.  IX.  p.  347. 
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copper  mine  at  Uerrn-Grundt,^o\M(?L^ 
ven  Englifh  miles  from  Newjol  *,  he  in- 
forms us  that  he  there  faw  two  fprings^ 
called  the  old  and  new  ziment^  which, 
turned  iron  into  copper.  The  work- 
men (hewed  him  a curious  cup. 
made  of  this  tranfrauted  iron,  it  was 
gilt  with  gold,  had  a rich  piece  of 
filver  ore  fattened  in  the  middle,  and 
the  following  infeription  engraved 
on  the  out  fide, 

Eifen  ware  ich,  kupfer  Un  ich. 

Silver  irag  ich,  gold  bedeckt  mich. 

Copper  I am,  but  iron  was  of  old, 
Silver  I carry, covered  am  with  gold*. 

It  was  even  at  that  time,  he  fays, 
contended  by  fome,  that  there  was 
no  real  tranfmutation  of  iron  into 
copper,  but  that  the  ziment  water, 

con- 

• Brown’s  Travels,  Ed.  1687,  p.  69. 
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eontaining  vitriol  of  copper,  and' 
meeting  with  the  iron,  depofited  its 
copper;  and  it  feems  as  if  he  would 
have  acceded  to  this  opinion,  could 
he  have  told  what  became  of  the 
iron.  It  is  now  very  well  underftood 
what  becomes  of  the  iron,  it  is  taken 
up  by  the  water,  and  remains  fuf- 
pended  in  it  in  the  place  of  the 
copper;  fo  that  this  tranfmutation 
is  nothing  but  a change  of  place,, 
and  as  the  copper  is  precipitated  by 
the  iron,  fo  the  iron  might  be  preci- 
pitated by  pot-alh,  or  any  other  fub- 
ftance.  which,  has  a greater  afSnity 
with  the  acid  of  vitriol  than  iron 
has. 

The  caufe  of  the  impregnation  of 
thefe  copper  waters  in  Gemany  is. 
not  difficult  to  be  explained;  molt 
copper  ores  contain  fulphur,  and 

when 
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"when  the  fulphur  is  in  any  degree 
decompofed,  its  acid  unites  itfelf  to 
the  copper,  and  iforms  blue  vitriol, 
-which  is  the  fubftance  with  which 
the  waters,  ilTuing  from  the  copper 
mines,  are  impregnated.  It  has  been 
the  cuftom  -in  Germany,  for  fome 
•centuries,  to  colledl  the  copper  con- 
tained in  thefe  waters  •,  the  method  is 
firaple.  Into  pits  filled  with  the 
coppery  water  they  put  old  iron,  the 
iron  is  diflblved,  and  the  copper  is 
precipitated,  and  being  raked  out, 
in  the  form  of  mud,  it  is  afterwards 
melted  into  very  fine  copper.  The 
•quantity  of  copper  procured  by  an 
hundred  tons  of  iron,  is  not  always 
the  fame ; it  fometimes  amounts  to 
90  tons,  and  feldom  to  lefs  than  84  *. 

The 

•*  Mifcel.  Carl.  Germ.  Ann.  6&7,,p.  158, 

Where 
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The  progrefs  of,  arts  is  in  many 
■inftances  wonderfully  flow;  thouglf 
-this  method  of  obtaining  copper  has 
been  long  pradtifed  in  Germany,  yet 
it  is  but  of  late  years,  that  any  fuc- 
cefsful  attempts  of  this  kind  have  been 
made,  in  either  Engiand-f- or  Ireland;, 
and  that  they  have  been  made  at  all 
has,  in  Ireland  at  leaft,  been  owing 
not  to  the  example  which  had  been 
fet  in  Germany,  but  to  an  accident. 

There  are  very  celebrated  copper 
mines  at  Arklow  in  the  county  of 
Wicklow  in  Ireland;  and  from  thefe 

mines 

where  there  is  mention  made  of  an  oak  leaf 
being  changed  into  copper  — the  iron  con- 
tained in  the  leaf,  probably  precipitating 
the  copper. 

f An  attempt  was  made  in  1571,  to  tranf- 
mute  iron  into  copper,  near  Pool  in  Dorfet- 
ihire.  Hutch.  Hill,  of  Dorf.  Vol.  I.  p.  no. 
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mines  there  iffues  a great  quantity 
of  water,  ftrongly  impregnated  with 
the  vitriol  of  copper.  One  of  the 
workmen,  having  accidentally  left  an 
iron  fliovel  in  this  water,  he  found  it, 
fome  weeks  after,  fo  incrulfed  with 
a coat  of  copper,. that  it  was  thought 
to  be  changed  into  copper.  The 
-proprietors  of  the  mines,  in  purfu- 
•ance  of  this  hint,  made  proper  pits 
and  receptacles  for  the  water,  and 
have  obtained,  by  means  of  foft  iron 
bars  put  into  the  coppery  water,  fuch 
quantities  of  copper,  as  render  the 
ftreams  of  as  much  confequence  as 
the  mines.  One  ton  of  iron  pro- 
duces near  two  tons  of  copper  mud  j 
and  each  ton  of  mud  produces,  v/hen 
melted,  16  hundred  weight  of  cop- 
per, which  fells  for  10  pounds  a ton. 


more 
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more  than  the  copper  which  is  fluxed 
from  the  ore  *. 

There  is  a mountain,  in  the  ifle  of 
jingle feytCdiWtd  Paris  mountain,  which 
abounds  in  copper  ore ; the  bed  of 
ore  being  above  forty  feet  in  thick- 
nefs.  The  leflfees  of  this  mine  an- 
nually raife,  between  fix  and  feven 
thoufand  tons  of  merchantable  ore, 
and  daily  employ  above  forty  fur- 
naces in  fmelting  it.  The  ore  is  not 
rich  in  copper,  but  it  contains  a great 
quantity  of  fulphur,  which  muft  be 
feparated  from  it,  before  it  can  be 

fiuxed 

• Philof.  Tranf.  for  1751  and  1752.  p. 
502.  and  for  1756. — Iron  often  contains 
gold ; the  vitriolic  acid  has  no  adion  upon 
gold ; is  not  the  gold  contained  in  the  iron 
mixed  with  the  precipitated  copper,  and  may 
jt  not  be  worth  while  on  this  account  to  alTay 
this  copper  ? 
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fluxed  into  copper.  The  ore  is  ac-  ! 
cordingly  roailed;  the  phlogifton  to- 
gether with  part  of  the  acid  of  the 
fulphur  is,  by  the  violence  of  the 
fire,  to  which  it  is  expofed  in  roaft-  . 
ing,  difperfed  into  the  air:  another 
part  of  the  acid  attacks  and  diflblves  i 
the  copper.  The  water,  in  which 
the  roafted  ore  is  waflied,  is  fo  ftrong- 
ly  impregnated  v/^ith  copper,,  that/ 
they  have  found  it  ufeful  to  adopt 
the  German  method  of  precipitating , 
it  by  means  of  old  iron,  and  they; 
have  obtained  in  . one  year  near  one; 
hundred  tons  of  copper,  precipitated 
from  this  water. 

The  water,  after  the  copper  has 
been  precipitated  by.  means  of  iron, 
is  at  prefent  thrown  away  v it  would, 
by  evaporation,  yield  green  vitriol^ 
and  as  above  one  hundred  tons  of 
VOL.  I. 


iron 
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iroJi  muft  be  employed,  in  obtaining 
the  forementioned  quantity  of  cop- 
per, it  may  deferve  to  be  confidered, 
whether  a manufaStury  of  green  vi- 
triol, might  not  be  eftablifhed  at  this, 
and  at  all  other  places,  where  copper 
is'  obtained  by  precipitation.  One 
hundred  tons  of  iron  would  yield,  at 
the  leaft,  two  hundred  tons  of  vitriol; 
wthich,  at  the  low  price  of  three 
pounds  per  ton,  would  be  more  than 
fufficient,  I fuppofe,  to  pay  the  ex- 
pence of  extradling  it ; efpecially,  as 
rneans  might  be  contrived  of  evapo- 
rating the  watery  folution,  by  a pro- 
per application  of  part  of  that  heat, 
which  is  at  prcfent  loft  in  all  the  great 
fmelting  houfes.  There  are  other 
purpofes,  to  which  this  water  might 
be  ufefuliy  applied,  which  I cannot 
infift  upon  in  this  place. 


The 


( ' 243  ' ) 

The  principal  ufe  of  green  vitriol 
is,  in  dying,  and  in  making  of  ink. 
When  the  vitriol  is  diflplyed  in  wa- 
ter, the  iron  contained  in  it  becomes 
black  by  the  addition  of  an  infufion  ‘ 
of  gall-nuts.  Galls  are  excrefcences  ' 
from  the  oak,  they  are  formed  from 
the  exudation  of  the  juices  of  . the  ' 
oak:  this  exudation  is  not  fpontane- 
ous,  it  proceeds  from,  the  puncture 
made  in  the  bark,  by  an  infedl ; in  the 
hole  which  it  has  made,  it  depolits 
its  egg,  and  the  exuding  juice  har- 
dening, forms  a proper  nidus  for  it  ; 
moft  of  the  galls  have  holes  in  them, 
the  young  infed  having  eaten  its  way 
through  the  fubftance  in  which  it  was 
hatched:  in  many  of  thofe  which 
have  no  holes,  the  infed  may  be  dif- 
covered  in  the  inlide,  by  breaking 
the  gall.  The  property  which,  an 
QJ2  infu- 
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infufion  of  galls  has,  of  tinging  a 
•folution  of  vitriol  black  or  purplifii, 
renders  it  ferviceable  in  difcovering 
the  niinuteft  portion  of  iron  in  chaly- 
beate waters.  I took  one  grain  of 
vitriol  (a  grain  of  vitriol,  does  not 
contain  quite  half  a grain  of  iron) 
and  difibived  it  in  15  gallons  of  wa- 
ter; the  water,  upon  the  addition  of 
an  infufion  of  galls,  became  fenfibly 
purple.  Other  ajlringent  vegetables 
have  a fimilar  effeft  on  vitriol,  but 
not  in  the  fame  degree. 

I will  conclude  this  fubje<5l  with 
mentioning  an  experiment,  which, 
when  profecuted  by  a fkilful  manu- 
fadurer,  may,  I fhould  hope,  fomc 
4ime  or  other  become  of  general  fer- 
vice. 

I took  a piece  of  dry  oak,  which 
had  been  felled  about  a year;  I 

rafped 
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rafped  off  from  the  bark;  from  the 
fap;  and  from  the  heart  of  the  wood; 
equal  weights,  and  put  them  into 
equal  portions  of  hot  water.  After 
they  had  ftood  fome  time,  it  was 
apparent,  that  the  bark  had  given 
an  higher  colour  to  the  water,  than 
the  heart  had  done,  and  that  the 
water  in  which  the  fap  was  put  had 
extrafted  the  leaft  colour.  Into 
equal  portions  of  a folution  of  green 
vitriol,  I put  equal  parts  of  thefe 
feveral  infufions,  expefting  to  have 
feen  the  vitriol  turned  black  by  them 
all ; but  the  event  was,  that  the  Jap 
infufion  produced  very  little  change 
of  colour ; the  bark  infufion  gave  a 
dark  brown-,  and  the  heart  infufion 
inftantly  gave  one  of  the  mod:  vivid 
blues  I ever  faw.  If  the  ralpings  of 
heart  of  oak,  be  boiled  for  an  hour 
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in  water,  they  lofe  this  property  of 
forming  blue  with  vitriol ; but 
the  cold  infufion  forms  a fine  blue, 
and  if  a folution  of  vitriol  be  pour- 
ed upon  the  rafpings,  the  whole  is 
changed  into  a blue  mafs. 


ESSAY 


ESSAY  VII. 


j 


Of  Nitre  or  Saltpetre,  and  the  ap- 


plication of  its  Acid  to  the  in- 
flanvnation  of  Oils,  and  the  con- 


gelation of  ^ickf her. 

O M E of  the  more  ancient  che- 


O micai  writers,  were  aeculloined 
to  make  a dillincUon  between  nitre 
and  faltpelre-,  they  are  now  ufed  as 
fynonymous  terms.  The  cdnftitiient 
pares  of  nitre  are  two ; — - an  add, 
and  the  vegetable  fixed  alkali.  This 
propofition  may  be  proved  both  by 
the  decompefition,  and  the  compofition 
of  nitre. 


<T4 
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TNitre  may  be  decompofed  in  the  fol- 
lowing manner.  — Upon  two  parts 
of  nitre  by  weight,  pour  one  part  by 
weight  of  ftrong  acid  of  vitriol,  and 
diftil  the  mixture.  You  will  obtain 
thereby,  a very  ftrong  acid,  of  a 
yellowilh  colour,  and  a moft  fuffo- 
cating  fmell,  and  which  has  the  lin- 
gular property  of  emitting  fumes\ 
by  the  addition  of  water  the  colour 
may  be  rendered  blue  or  green,  but 
the  fumes  will  ftill  be  red.  This  is 
the  acid  or  fpirit  of  nitre  *,  and  it  is 

fome- 

• The  word  fpirit  is  ufed  by  chemical 
writers  with  great  latitude ; it  is  applied  to 
acids,  as  the  fpirit  of  vitriol,  of  nitre,  of  fea 
fait,  &c.  and  to  volatile  alkalies,  as  the  fpirit 
of  fal  ammoniac,  of  hartlhorn,  &c.  and  the 
inflammable  fluid  obtained  by  diftillation 
from  wine,  &c.  is  eminently  entitled  to  the 
.name  of  fpirits. 
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fotnetimes  called  Glauber's  fuming  fpi- 
rit  of  nitre.,  becaufe  Glauber  is  gene- 
rally fuppofed  to  have  been  the  firft 
inventer  of  this  manner  of  extrading 
it. — Two  things  were  diftilled  toge- 
ther, the  acid  of  vitriol  and  nitre; 
nitre  itfelf,  we  fay,  confifts  of  two 
things;  of  a peculiar  kind  of  acid, 
and  of  the  vegetable  fixed  alkali : the 
acid,  we  have  feen,  may  be  extraded 
by  diftillation,  there  ought,  therefore, 
to  remain,  in  the  veflel  ufed  for  the 
diftillation,  the  acid  of  vitriol  and  the 
alkali  of  the  nitre-,  and  there  really 
does  remain  nothing  elfe;  for  the  re- 
fidue,  when  diflfolved  and  cryftalliz- 
, ed,  is  found  to  be  the  very  fame  kind 
of  fait,  in  all  its  properties,  as  would 
arife  from  the  dired  combination  of 
the  acid  of  vitriol,  with  the  vegeta- 
ble fixed  alkali.  We  need  not  won- 
der. 
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der,  that  we  do  not  find  the  alkali  of 
the  nitre  and  the  acid  of  vitriol  in 
their  feparate  forms,  but  united  to- 
gether into  a particular  kind  of  fait  ; 
for  the  acid  of  vitriol  has  a ftrong 
difpofition  to  dilTolve  all  kinds  of 
alkalies ; it  attrads  them  with  more 
force,  than  they  are  attraded  by  any 
other  acid,  and  it  was  in  confequence 
of  this  fuperior  attradion  of  the  acid 
of  vitriol,  that  the  acid  of  nitre  was 
difengaged  from  its  other  component 
part ; the  acid  of  vitriol  expelled,  as 
it  were,  the  acid  of  nitre  from  the 
fixed  alkali,  and  fubftituted  itfelf  in 
its  place. 

There  are  various  other  methods  • 
of  decompofing  nitre,  befides  that 
which  has  been  mentioned : thofe 
who  prepare  aquafortis^  ufually  diftii 
the  nitre  in  conjundion,  either  with 

clay, 
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clay,  or  with  green  vitriol,  calcined 
to  a certain  degree.  The  acid  of  vi- 
triol is  contained  in  many  kinds  of 
clay,  as  well  as  in  green  vitriol,  but 
it  leaves  both  the  clay,  and  the  iron 
of  the  green  vitriol  to  unite  itfelf  with 
the  alkali  of  the  nitre ; and  the  acid 
of  nitre  being  thus  fet  at  liberty,  by 
the  intervention  of  the  acid  of  vi- 
triol, and  being  alfo  of  a volatile  na- 
ture, it  is  eafily  made  to  afcend  in 
vapour,  which,  being  collefted  in 
proper  veflels,  becomes  the  aq^ua forth 
of  the  {hops. 

It  may  appear  from  what  has  been 
faid,  that  the  acid  of  nitre,  and  aqua 
forth,  are  but  different  names  for  the 
fame  thing : the  matter  is  not  quite 
fo,  unlefs  the  reader  will  underftand 
by  aqua  fortis,  pure  aqua  fortis ; for 
whenever  the  acid  of  vitriol,  or  any 

fub- 
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fubftance  containing  it,  is  ufed  in  the 
procefs  for  decompofing  nitre  by  di* 
ftillation,  a portion  of  the  acid  of 
vitriol  is  diftilled  in  conjunftion  with 
the  acid  of  nitre  j hence  the  common 
aqua  fortis,  may  be  confidered  as  a 
pure  acid  of  nitre,  mixed  with  a 
portion  of  the  acid  of  vitriol.  This 
portion  of  the  acid  of  vitriol  is 
thought  to  render  the  aqua  fortis 
fitter  for  the  purpofes  of  fome  parti- 
cular artifts  j thus  engravers  and  etch- 
ers ufe  an  aqua  fortis,  which  contains 
about  one  tenth  of  its  weight  of  the 
acid  of  vitriol;  and  the  proportion 
of  acid  of  vitriol,  which  enters  into 
the  aqua  fortis  ufed  by  dyers,  is  ftill 
much  greater.  It  is  neceflary  for 
refining  filver,  and  for  many  other 
purpofes,  to  have  the  acid  of  nitre 
quite  pure;  this  may  be  effedled,  ei- 
ther 
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thei;  by  purifying  the  common  aqua 
fortis,  by  various  means  well  known 
to  chemifts;  or  by  diftilling  nitre, 
with  fome  fubftance  which  contains 
no  acid  of  vitriol;  for  though  it  be 
certain,  that  the  acid  of  vitriol  is 
very  ferviceable  in  difengaging  the 
nitrous  acid  from  its  bafis,  yet  it  is 
alfo  certain,  that  the  nitrous  acid  may 
be  difengaged,  without  the  afliftance 
of  the  vitriolic  acid ; thus  I remem^ 
•ber  having  many  years  ago  obtained 
a very  ^ron^  fuming  acid  of  nitre, 
by  diftilling  nitre  with  white  fund, 
which  contains  no  acid  of  vitriol. 

The  artificial  compfition  of  nitre 
. is  eafily  effedled.  Take  a portion  of 
the  nitrous  acid,  and  pour  it  into  a 
folution  of  pot-afli,  of  fait  of  tartar, 
or  of  any  other  vegetable  fixed  alka- 
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li,  till  no  more  efFervefcence  is  ob- 
ferved : evaporate  and  cryftallize  the 
compound,  and  you  will  obtain  a 
perfect  nitre.  This  is  ufually  called 
a regenerated  nitre  \ and  we  may  often 
lee  cryftals  of  nitre  almoft  inftanta- 
neoufly  produced,  by  mixing  a folu- 
tion  of  pot-afh  v/ith  a nitrous  acid, 
of  a due  degree  of  ftrength. 

In  time  of  war  with  an  enemy  who 
has  plenty  of  pot-afh,  but  no  faltpe- 
tre;  the  fupplying  him  with  aquafortis, 
ought  to  be  prohibited  under  as  fe- 
vere  penalties,  as  the  fupplying  him 
with  faltpetre  itfelf  j becaufe,  if  he 
can  procure  the  aqua  fortis,  it  will 
be  an  eafy  matter  for  him,  by  mixing 
it  with' his  pot-afh,  to  make  regene- 
rated nitre.  The  nitre  may  come  a 
little  dearer  to  him  than  common 


nitre 
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nitre  would  do;  but  it  is  at  the  fame 
time  purer,  and  fitter  for  the  prepa- 
ration of  gunpowder. 

Though  chemiftry  exhibits  to  us 
a great  variety  of  ftriking  phenome- 
na, yet  there  is  none  more  fiirprifing, 
than  that  which  attends  the  mixing 
of  the  fuming  acid  of  nitre,  with  oil  of 
turpentine.  If  you  mix  thefe  two 
fluids  together  in  the  fevereft  weather,- 
and  when  they  are  feverally  colder 
than  ice,  you  will  fee  them  inftanta- 
neoufly  catching  fire,  and  burfting 
forth  into  a dreadful,  flame.  This 
experiment  does  not  always  fucceed 
with  the  acid  of  nitre,  which  may 
ordinarily  be  procured  from  the 
fliops,  becaufeit  is  feldom  fufficiently 
llrong;  but  when  it  does  fucceed, there 
is  great  danger  in  making  it,  efpe- 
cially  if  the  quantities  which  are 

mixed 
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mixed  together  amount  even  to  a 
few  ounces.  I have  feveral  times 
feen  a thick  column  of  flame  and 
fmoke,  above  twenty  feet  in  height, 
inftantaneoufly  produced,  by  pour- 
ing, at  once,  a pint  of  the  fuming 
acid  of  nitre,  on  a pint  of  oil  of 
turpentine.  Whoever  undertakes  to 
make  a fimilar  inflammation,  would 
do  well  to  ufe  the  precaution  of 
fattening  the  veflel  containing  the 
acid  to  the  end  of  a long  pole,  to 
prevent  his  being  burned  by  the  drops 
of  inflamed  oil,  which  are  difperfed, 
laterally,  by  the  exploflon  to  a great 
diftance. 

' Borrk/ms,  in  the  year  1671,  is 
thought  to  have  been  the  firft  perfon, 
who  noticed  the  phenomenon  here 
fpoken  of;  fince  that  time  the  chcr 
mitts  of  all  countries,  have  employed 
* much 
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'much  attention  in  repeating  and  di- 
‘verfifying  this  celebrated  experiment. 
In  the  Philofophical  Tranfaftions  for 
1 699,  we  have  a table  expreffing,  at 
one  view,  the  effedl  which  the  acid* 
of  nitre  has  upon  a variety  of  other 
oils,  as  well  as  upon  the  oil  of  tur- 
pentine : we  there  find  enumerated 
12  forts  of  oils,  which,  when  mixed 
with  acid  of  nitre,  effervefced,  and 
exploded  with  a flame;  iS  forts  which' 
effervefced,  but  did  not  take  fire'; 
and  9 forts  which  neither  effervefced, 
nor  took  fire.  In  addition  to  the 
information  contained  in  this  table, 
we  are  indebted  to  the  French-che- 
mifts,  for  a variety  of  interefting 
memoirs  on  the  inflammation  of  oils;' 
both  by  the  Ample  nitrous  acid,  and 
by  that  acid  v/hen  mixed  with  the' 
acid  of  -vitriol.  The  reader  wdU 
-VOL.  I.  R per. 
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perhaps,  be  fatisfied  wich  a general 
reference  to  the  moft  approved  au- 
thors * on  the  fubjedt;  efpecially  as 
there  is  not  any  very  fatisfadory  fo- 
lution  given  of  the  phenomenon. 

We  know  that  a piece  of  iron  may 
be  hammered  till  it  glows  with  heat; 
that  the  axle-tree  of  a carriage  may 
be  fo  heated,  by  the  rapidity  of  the 
motion,  or  the  violence  of  the  fric- 
tion, as  to  inflame  the  wood  conti- 
;guous  to  it;  that  two  pieces  of  wood 

may 

• See  Mem.  del’  Acad.  dePar.  Ann.  1701. 
2726.  1747.  and  Macquer’s  Elem.  of  Chem. 
Vol.  II.  p.  149.  Eng.  Tranf,  and  efpecially 
Muflchen brock’s  Additions  to  the  Experi- 
ments of  the  Florentine  AGademy.  T his  in- 
duflrious  philofopher  has  there  given  us  above 
200  different  experiments,  illuflrating  the 
change  of  temperature  ariling  from  the  mix- 
ture of  water;  of  fpirits  of  wine;  of  vine- 
gar; of  the  mineral  acids ; with  a great  va^ 
^riety  of  other  bodies. 
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^may  by  friftion  be  made  to  take  firci 
and  we  infer  from  thefe,  and  other 
appearances  of  the  fame  kind,  that 
the  motion  excited  by  the  adlion  of 
particular  acids,  upon  particular  oils, 
is  fufficient  to  produce  that  degree 
of  heat  which  is  requifite  to  inflame 
the  oils. 

It  does  not  feem  to  be  a fimplc 
mixture,  of  two  ingredients,  v/hich 
produces  heat ; they  muft  adt  upon 
each  other  in  a manner  different  frorft 
what  accompanies  a Ample  mixture, 
-and  this  adtion  does  not  always  take 
place  immediately.  Thus,  if  wc 
■mix  2 parts  of  fpirit  of  wine,  with  i 
part  of  frefti  fuming  acid  of  nitre, 
the  mixture  will  often  remain  cold 
for  near  ten  minutes,  but  it  will  at 
lafl  begin  to  acquire  a great  de- 
igree  of  heat,  and  it  will  boil  with 
R 2 great 
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great  violence  for  a confiderable 
length  of  time.  In  like  manner,  by 
mixing  together  equal  bulks  of  ftrong 
acid  of  vitriol  and  water,  we  may 
excite  a degree  of  heat  greater  than 
that  in  which  water  boils ; but  it  is 
not  a limple  ‘ mixture  which  takes 
place  on  this  occafion,  the  very  tex- 
ture of  the  bodies  feems  to  be  broken, 
for  the  compound  occupies  lefs  fpace 
than  what  the  two. ingredients -would 
have  occupied,  had  there  only  been 
a fimple  mixture;  a pint  of  water 
mixed  with  a pint  of  oil  of  vitriol, 
will  not  make  a quart,  as  it  would 
do,  if  mixed  with  a pint  of  milk;  but 
then  no  heat  would  attend  its.  mix- 
ture with  milk,  and-  a very  great  de- 
gree of  heat  attends  its  mixture  with 
the  acid  of  vitriol.  It  cannot  be 
-laid,  that  the  acid  of  vitriol  is  re- 
ceived 
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ceived  into  the  pores  of  the  water  y 
for  then  a fmall  portion  of  acid 
might  be  diffblved  in  a large  portion 
of  water,  without  augmenting  its 
bulk*;  but  the  very  form  of  the 
bodies  is  changed,  there  is,  in  the 
words  of  Dr.  Hooke,  (who  firfl:  ob- 
ferved  that  acid  of  vitriol  and  water 
when  mixed  together,  poffefled  lefs 
fpace  than  when  feparate)  2^  ■penetra- 
tion of  dmenftons\. — Is  heat  ever  ex- 
cited by  the  mixture  of  two  fluids, 
when  the  bulk  of  the  compound  is 
equal  to  the  fum  of  the  bulks  of  the 
two  ingredients? 

Strong  acid  of  nitre,  when  mixed 
with  common  water,  or  with  fnow 
water,  produces  a great  degree  of 
heat;  when  mixed  with  water  con- 
gealed 

• Philof.  Tranf.  1770,  p*  353. 

J.Haukfbee’s  Exp.  Ed.  1719.  p.  294. 
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gealed  into  ice,  or  fnow,  it  produces- 
the  greateft  degree  of  cold  which  has 
ever  been  obferved;  on.  the  furface  of 
the  earth;  and  this  property  of  the 
acid  of  nitre,  has  given  occaflon  ta 
one  of  the  fineft  difcoveries  of  the 
prefent  century,— - the  converfion  of 
quickfilver  into  a malleable  metal. 

In  the  year  1759,  upon,  the  14th. 
day  of  December  old  ftile,  there  was 
obferved  a greater  degree  of  natural: 
coU  at  Peterjburghy  than  had  ever- 
before  been  noticed,  fince  the  time, 
that  the  Academy  had  kept  Meteo- 
rological regifters;  Fahrenheit’s  ther--, 
mometer  Handing  at  66  degrees  be- 
low the  freezing  point.  In  a few 
days  the  cold  grew  more  intenfe,  fo. 
as  to  make  the  thermometer,  on  the 
,2,6th  of  the  fame  month,  fink  to  74 f- 
degrees  below  freezing.  ^ This  is. 

efieemed 
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efteemed  the  greateft  degree  of  natui 
ral  cold,  which  has  hitherto  been  ob- 
ferved  at  Peterlburgh.  This  cold,, 
though  very  great  when  compared 
with  what  we  experience  in  England 
in  the  fevereft  feafons,  is  far  lefs  than, 
what  is  ordinarily  felt  \n  Siberian  120 
degrees  below  the  freezing  point,  hav- 
ing been  often  obferved,  and  on  the 
5thof  January  1735,  the  thermometer 
fell  to  157  degrees  below  freezing 
When  this  degree  of  cold  was  firfl: 
publilhed  to  the  world  by  Gmelinus,, 
who  made  the  obfervation  at  JenefeiJiy 

many 

• In  the  treatife  (Novi  Commen.  Petrop.. 
Tom,  XI.)  from  which  this  account  is  p’rin- 
cipally  extrafted,  the  degrees  of  heat  and  cold- 
are  eftimated  upon  the  fcaleof  DeLifle’s  ther- 
mometer; but, Fahrenheit’s  being  more  known, 
in  England,  I have  every  where  fubftituted 
the  correfponding  degrees  of  Fahrenheit’s 
fcale,  in  the  place  of  the  other. 
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.many'fufpe£ted  the  truth  of  the  ac.'* 
count,  or  queftioned  the  accuracy  of 
the  obfervation  but  their  fufpicions 
were  ill-founded,  for  an  equal,  if  not 
a, greater,  degree  of  cold  was  obferv- 
cd  in  Sweden  in  and  we  fhali 

fee  prefently  that  a cold,  even  greater 
that  what  is  here  mentioned,  has  been 
experienced  in  other  places  of  Sibe- 
ria, as  well  as  at  Jenefeifk. 

-Fahrenheit  in  1729,  had  tried  what 
degree-,  of,  artificial  cold , he  could 
produce,  by  dilTolving  pounded  ice 
in  ftrong  acid  of  nitre ; and  he  was 
very  much  furprized  at  the  event  of 
his  experiments,,  for  the  quickfiLver 
funk  to  72  degrees  below  the  freer- 
ifig  point.  Boerhaave  calls  this  dif- 
covery  a thing  incredible  before,  and , 

alks 

f Novi  Comm.  Pctrop.  Tom.  VI.  p.  39j. 
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afks  with  aftonifliment,  what  mortal 
could  ever  have  thought  of  it?  Na- 
ture, fays  he,  had  never  produced  a 
degree  of  cold  greater  than  32  de- 
grees below  freezing,  and  all  animals 
and  vegetables  expofed  to  fuch  a fe,- 
verity  of  cold  inftantly,  perifhed 
In  this,  obfervation  Boerhaave  was 
certainly  miftaken,  for  both  animals 
and  vegetables  can  exift  in  degrees  of 
cold,  which  are  far  fuperior  even  to 
the  utmoft  artificial  cold  which  Fah- 
renheit. produced.  Several  philofo- 
phers  have,  at  different  times,  rer 
peated  Fahrenheit’s  experiment,  but 
without  being  able  to  produce  a 
greater  degree  of  cold  than  he  had 
done. 

Profeffor  Braun,  at  laft,  on  the 
J4th  of  December,  in  the  year  before 

men- 

* Boerh.  Chem.  Vol.  I.  p.  162. 
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mentioned,  began  his  experiments,, 
with  no  other  view,  than  that  of  pro* 
ducing  a greater  degree  of  cold  than 
any  perfon  had  done  before  him ; for 
he  rightly  conjecbured,  that  the  great- 
er the  degree  of  natural  cold  prevails 
ing  in  the  air,  the  greater  would  be 
that  of  the  artificial.  co\A.  With  this 
defign  he  followed,  in  his  firft  at- 
tempts, the  procefs  of  Fahrenheit, 
pouring  the  acid  of  nitre  on  powder- 
ed ice,  and  he  fucceeded  to  his  wiflies,. 
having  made  the  mercury  fink  to  loo. 
degrees  below  the  freezing  point. 
With  hopes  of  producing  a ftill  more- 
remarkable  cold,,  he  continued  his 
experiments*,  in  the  courfeof  which,, 
having  ufed  all  his  powdered  ice,, he 
■fubftituted  fnow  in  its  ftead,  and  to 
■his  infinite  furprize  and  fatisfadlion, . 
■he  found  the  mercury  had  defeended 

' to 


( 5«7  ) 

to  384  degrees  below  freezing.  Su*- 
ipefting  that  his  thermometer  was. 
broken,  he  took  it  out  of  the  mix- 
ture, and  found  it  uninjured  j but  he- 
was  beyond  meafure  aftonilhed,  at 
feeing  the  quicklilver  remain  for  fome 
time  immoveable  in  the  tube;  it  did 
not  begin  to  afceiid  till  it  had  ftood 
above  twelve  minutes  in  a warm  room.. 
He  communicated  this  difcovery  to 
the  Academy  at  Peterlburgh,  on  the 
17th  of  the  fame  month,  and  ftatcd 
the  congelation  of  quickfilver,  as  a. 
probable  truth ; for  he  had  conclud- 
ed it  to  be  frozen,  from  its  remain- 
ing for  fo  long  a time,  immoveable 
in  a warm  air.  In  a few  days  he  re-, 
peated  his  experiments,  and  pur- 
pofely  breaking  the  bulbs  of  feveral 
thermometers,  he  obferved  the  mer- 
cury to  be  congealed  in  them  all. 

This- 
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TYns  congedled mercury  refembled  the- 
tnoft  polifhed  Giver  in  luftre,  was  in- 
found  and, conGftency  like  lead;  for 
he  hammered  it,  and  cut  it  with  a 
knife,  before  the  heat  of  the  atmof-. 
phere  reduced  it  to  its  former  Guid 
ftate.,  This  wonderful  difcovery  ex-. 
cited  the  attention  of  his  colleagues 
in  the  academy,  his  experiments 
were  fuccefsfully  repeated  by  feveral 
of  them,  and  it  was  further  obferved, 
that  folid  mercury  funk  in  fluid  mer- 
cury, after  the  manner  of  metallic 
fubftances  in  general. 

The  congelation  of  quickfilver, 
notwithftanding  the  accurate  account 
given  of  it  by  Braun,  and  the  many 
eye  witnelTes  of  the  fad,  has  been 
queftioned  by  counfelior  Lehman  of 
Teterlburgh ; according  to  his  ob- 
fervation,  “ the  mercury  employed 

by. 
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by  profeflbr  Braun  in  his  experi- 
ments was  diftilled  in  the  common 
way,  through  water,  and  the  water 
only  was  frozen,  and  not  the  mer- 
cury itfelf;  but  having  employed 
mercury  diftilled  without  water,  and 
carefully  purified  from  all  watery 
particles,  the  mercury  would  not 
congeal,  although  common  mercury 
did  freeze,  when  fet  in  fnow  mixed 
with  fpirit  of  nitre,  or  fpirit  of  fal 
ammoniac  In  reliance  upon  the 
juftnefs  of  this  obfervation,  it  has 
been  affirmed  that  mercury  “ is  a 
femi-metal,  which  continues  fluid,  in 
the  moft  intenfe  freezing,  either  na- 
tural or  artificial,  or  when  both  are 
combined”.  I do  not  .think  this  ob- 

jedtion 

• Counfellor  Lehman’s  obferv.  quoted  by 
Dr.  Forller  in  his  introduftion  to  Mineralo- 
;.gy.  I768.,p.  32. 
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yeftion  of  counfellor  Lehman  of 
•much  weight,  when  put  in  competi- 
tion with  the  great  number  of  expe- 
riments, which  Braun  appears  to 
have  made  with  accuracy,  and  re- 
lated with  fidelity.  He  himfelf  hints 
at  this  objedion,  in  the  fupplement 
which  he  publilhed  to  the  account  of 
his  difcovery,  but  he  does  not  for- 
mally refute  it,  as  not  thinking  it  of 
fufficient  confcquence.  * The  va- 
.pour  of  diftilled  mercury  is  indeed 
generally  condenfed  in  water,  but 
the  mercury  is  afterwards  drained 
through  leather  and  otherwife  cleanfed, 
fo  that  I do  not  apprehend  that  it 

contains 

* Cogitarunt  quidam  mercurlum  forfitan 
*vel  obimpuritatcm,  vel  ob  admixtam  mercu- 
rio  aquam  congelarl,  fed  haec  hypothefisquam 
quidam  fumferant,  eft  falfifiima,  omnem  in 
corporibus  fieri  congelationem  ob  aquam  con- 
tentam.  Novi  Com.  Petro.  Tom.  Xf.  .p.  307. 
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contains  any  water,  efpecially  that 
which  is  ufed  in  thermometers,  for 
in  making  of  thermometers,  the  mer- 
cury is  dxpofed  to  a great  heat, 
which  would  effeflually  diflipate  any 
particles  of  water,  if  any  were  left 
-adhering  to  it. 

The  author  of  this  fine  difcovery, 
'has  made  many  experiments,  in  or- 
der to  determine  what  is  the  fmalleft 
degree  of  natural  cold,  which  is  re- 
■'quifite  to  make  the  congelation  of 
quickfilver  by  an  artificial  cold, 
arifing  from  the  mixture  of  acid  of 
nitre  and  fnow,  fucceed;  and  he  is  of 
opinion  that  the  degree  of  natural 
cold,  ought  not  to  be  lefs  than  30 
'degrees  below  the  freezing  point,  to 
make  the  congelation  begin,  and  that 
it  ought  to  be  42  degrees  below 
freezing,  to  make  the  congelation 

-complete 
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'Ct>mplete.*  It  feems,  if  we  may  rely 
upon  thefe  experiments,  that  we  can 
have  very  few  opportunities  of  at- 
tempting, on'  rational  grounds  to 
freeze  quickfilver,  by  means  of  fnow 
and  acid  of  nitre;  for  it  very  rarely 
happens  that  the  natural  cold  in  Eng- 
land, is  30  degrees  below  the  freez- 
ing' point,  at  leaft  near  the  furface  of 
the  earth.  This  reftriflion  is  added 
on  account  of  feme  obfervations 
which  are  faid  to  huve  been  made  at 
Glafgow  in  January  lySo.'  On  the 
14th  of'that  month,  at  fix  o’clock  in 
the  morning,  a thermometer  placed 
-Upon  the  'fnow  in  the  obfervatory 
park,  ftood  at  55  degrees  below 
freezing,  whilft  one  laid  upon  the 
fnow  near  the  furface  of  the  earth,- 
was  only/8  degrees  below  freezing.  ■ 
This  difference  probably  proceeds 

from 
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from  hence,  that  the  body  of  the 
earth  warms  the  air  which  is  con- 
tiguous to  it,  and  thus  counteradls 
the  cold,  which  may  be  accidentally 
generated  in  the  atmofphere,  more 
powerfully  near  its  furface,  than  at 
any  great  height  above  it.  It  would 
be  worth  while  to  obferve  the  tem- 
perature of  the  air,  at  the  bottom 
and  at  the  top  of  the  monument,  or 
any  other  high  building  in  the  form 
of  an  obelilk,  at  all  feafons  of  the 
year,  efpecially  in  winter  time,  as 
greater  degrees  of  cold  may  pro- 
bably prevail,  from  the  fall  of  fnow 
and  other  caufes,  in  the  air,  at  the 
top  of  an  high  building  than  at  the 
bottom,  efpecially  if  the  building  ta- 
pers up  into  a point,  fo  as  not  to 
afford  a great  mafs  of  matter  to  heat 
the  ambient  air. 

VOL,  I.  S The 
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The  precife  degree  of  cold  'requi- 
fite  to  freeze  mercury,  cannot  be  af- 
certained  on  account  of  the  fudden 
and  irregular  contradlions,  which  it 
is  obferved  to  fuffer,  juft  before  it 
begins  to  be  folid;  it  continues  to  de- 
fcend,  after  the  part  contiguous  to 
the  bulb  of  the  thermometer  begins 
to  freeze,  but  probably,  not  lefs  than 
600  degrees  below  freezing,  are  re- 
quifite  to  congeal  it  wholly.  It  is 
remarkable,  that  oil  of  fafafras  wood, 
of  chamamoile  flowers,  the  liquor 
which  remains  from  the  boiling  of 
fea  fait,  and  feveral  other  fluids  con- 
tinued uncongealed,  in  the  fame  de- 
gree of  cold  in  which  mercury  was 
frozen. 

Since  the  difcovery  of  the  conge- 
lation of  quickfilver  made  by  pro- 
fefibr  Braun,  philofophers  have  beeo 

very 
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very  attentive,  in  many  places,  to 
effect  the  fame  thing,  by  the  fame 
artificial  means  ; and  they  have  fuc- 
ceeded  in  fome  places,  particularly 
at  Albany  fort  in  Hud  Ton’s  bay, 
where  quickfilver  was  frozen  by  Mr. 
Hutchins  on  the  19th  of  January, 
1775,  the  cold  of  the  air  then  being 
60  degrees  below  the  freezing  point. 
In  this  account  it  is  obferved,  that 
the  ftandard  thermometer,  when  tak- 
en out  of  the  mixture  of  acid  of  ni- 
tre, and  fnow,  fell  10  degrees  lower 
than  when  the  bulb  was-immerfed  in 
the  mixture;  a fimilar  phenomenon 
had  been  obferved  by  profeflbr 
Braun  more  than  once,  and  he  ac- 
counts for  it  from  the  acids  continu- 
ing to  diflblve  the  fnow  adhering  to 
the  thermometer;  — may  it  not  pro- 
ceed from  the  quicknefs  with  which 
s 2 the 
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the  moifture,  adhering  to  the  bulb 
of  the  thermometer,  is  evaporated, 
in  confequence  of  the  great  warmth 
of  the  air,  when  compared  with  the 
coldnefs  of  the  moifture  * ? The 
Ruffians  being  more  favourably  fitu- 
ated,  than  moft  other  philofophers 
for  making  experiments  on  the  ef- 
fetfts  of  cold,  it  is  from  them  that 
we  muft  expert  the  further  profe- 
cution  of  this  fubje6t;  I will  there- 
fore lay  before  the  reader,  an  ac- 
count of  the  congelation  of  quick- 
filver,  by  the  natural  coldnefs  of  the 
atmofphere,  which  prevailed  at 
Krafnoyarjk  in  the  fouthern  part  of 
the  province  of  TohlJk\  the  account 
is  tranflated  from  M.  Pallas'  tour 
through  Siberia  Vol.  IV.  Part  iii. 
1 763. 

“ The 


• Philo.  Tran.  J776..P.  174  & 590. 
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“The  winter  begun  this  year  very 
early,  and-  was  felt  with  uncommon 
fevericy  in  the  month  of  December. 
On  the  6th  and  7th  of  that  month, 
there  was  the  hardeft  froft  that  I 
have  ever  obferved  in  Siberia,  the 
air  was  cairn,  and  as  it  were  thick- 
ened, fo  that  in  a quite  clear  fky, 
the  fun  was  feen  as  through  a fog. 
On  the  fixth  in  the  morning,  I ob- 
ferved my  thermometer,  which  had 
been  carefully  made,  but  was  not 
graduated  above  102  degrees  below 
freezing,  the  quickfiiver  v^as  funk 
into  the  bulb,  except  fome  fmall 
pieces  which  were  clodded  together, 
and  ftuck  in  the  ftem ; this  was  an 
accident  which  I had  never  experi- 
enced with  the  fame  thermometer, 
though  I had  ufed  it  eight  years. 
Upon  carrying  the  thermometer  into 
S3  a 
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a warm  room,  the  clodded  pieces  fell 
immediately  into  the  bulb,  but  the 
quickfilver  did  not  begin  to  afcend 
till  near  a minute  after.  I repeated 
this  experiment  feveral  times,  with 
the  fame  fuccefs,  there  remaining 
in  the  tube,  fometimes  only  one, 
fometimes  feveral  little  pieces  of 
frozen  quickfilver.  When  the  quick- 
filver  in  the  bulb  was  warmed  by  the 
application  of  a finger,  it  prefently 
rofe,  and  it  was  plainly  feen,  that 
the  part  which  was  frozen  ih  the 
ftem,  refilled  the  rife  of  the  quick- 
filver a confiderable  time,  and  was 
at  laft  thrull  upwards,  afcending 
with  a fort  of  violence.  I expofed 
to  the  cold  about  a quarter  of  a 
pound  of  quickfilver  in  an  open 
veflel;  the  quickfilver  had  been 
cleanfed  as  much  as  poffible,  by  vi- 
negar 


( 279  ) 

negar  and  leather,  and  it  was  well 
dfied ; in  lefs  than  an  hour  its  fur- 
face  was  frozen,  and  in  fome  mi- 
nutes after,  it  was  all  condenfed  by 
the  natural  cold,  into  a foft  fubftance 
like  pewter.  When  the  inner  part 
was  yet  in  a fluid  ftate,  the  furfacc 
being  broken,  was  wrinkled  in  fome 
places,  but  the  greateft  part  remained 
pretty  even  in  freezing,  as  was  the 
cafe  alfo  with  a larger  quantity  of 
quickfilver,  which  was  frozen  upon 
another  occafion.  The  frozen  mat- 
ter of  quickfilver  was  more  flexible 
than  lead,  but  more  brittle  than 
pewter,  and  when  hammered  into 
thin  plates,  it  feemed  fomewhat  gra- 
nulated, but  if  the  hammer  was  not 
perfeflly  cooled,  then  the  quickfil- 
ver glided  from  it  in  drops,  the  fame 
happened  if  it  was  touched  by  the 
' s 4 finger. 
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finger.  In  a warm  room  the  quick- 
filv^er  thawed  like  wax'over  the  fire, 
and  did  not  melt  all  at  once.  If  the 
frozen  mafs  was  broken  in  the  cold, 
the  pieces  clung  together,  and  ftuck 
to  the  fides  of  the  veffel  wherein 
they  were  placed.  Though  the  froft 
towards  the  night  feemed  to  abate  a 
little,  yet  the  frozen  quickfilver  re- 
mained unaltered,  and  the  experi- 
ment with  the  thermometer  could 
ifill  be  repeated.  On  the  yth  of 
December  I had,  during  the  v/hole 
day,  occafion  to  make  the  fame  re- 
marks-, but  forne  hours  after  fun- 
fetting,  there  came  on  a north  weft 
wind,  which  raifed  the  thermometer 
to' 78  degrees  below  freezing  when 
the  quickfilver  begun  to  difiblve. 
Shortly  after  this,  I was  favoured 
with  an  account  from  M.  Lieutenant 

General 
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General  de£ril^  Governor  of  Irkuzk^ 
that  in  the  fame  town  at  4 o’  clock 
in  the  morning  of  the  9th  of  De- 
cember, the  mercury  had  been  found 
fad  frozen,  both  in  the  thermometer 
and  barometer,  both  of  which  had 
been  made  by  profeflbr  Laxman 
when  he  relided  in  Siberia,  It  ftood 
in  the  barometer  27  inches  7 lines, 
and  the  upper  five  lines  were  quite 
broken,  but  it  was  liquid  again  at  1 1 
in  the  forenoon.  The  thermometer 
was  clodded  at  76  degrees  below 
freezing,  and  under  the  91ft  degree 
below  freezing  there  was  an  empty 
fpace  of  near  ii  degrees.  Towards 
1 1 o’  clock  all  was  gone  into  the 
globe,  and  at  i o’  clock  when  it  was 
again  come  into  motion,  it  fliewed 
1 24  degrees  below  freezing.” 
t^rom  thefe  difeoveries  of  the  Ruf- 
fians 
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Cans  we  are  fully  authorized  in  con- 
fidering  quickfilver  as  a metal,  which 
requires  a greater  degree  of  cold  to 
keep  it  in  a folid  ftate,  than  is  or- 
dinarily met  with  upon  the  furface 
of  the  earth;  gold,  and  filver,  and 
iron  if  carried  nearer  to  the  fun, 
would  be  perpetually  fluid,  and 
quickfilver  if  removed  further  from 
it,  would  be  perpetually  folid ; nay, 
it  may  be  fairly  doubted,  I think, 
whether  there  may  not  be  elevated 
places  upon  the  furface  of  the  earth, 
cold  enough  to  keep  quickfilver  in  a 
folid  ftate,  at  leaft  during  the  great- 
eft  feverity  of  winter. 
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'Of  the  manner  of  making  'Saltpetre 
■in  Europe.)  and  of  its  generation. 

SALTPETRE  enters  in  a large 
proportion  into  the  compofition 
of  gunpowder ; hence,  after  the  dit 
covery  of  gunpowder,  all  the  Hates 
of  Europe  were  eager  in  their  endea- 
vours to  amafs  large  quantities  of 
faltpetre,  and  ftudioufly  fought  out 
various  methods  of  preparing  it;  for 
faltpetre  is  by  many  looked  upon  as 
the  produ6tion  of  art  rather  than  of 
-nature. 


Gun- 
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Gunpowder  was  very  probably 
made  in  England  fo  early  as  the  year 
1417.  In  Henry  V’s  diredions  for. 
equipping  his  heet  with  all  requilites, 
under  the  general  name  ftuffiira,  we 
find  mention  made  of  Carbonarii^  and 
of  viginti  piparum  de  pulver.e  de  carbor 
nibus  Jalicis*:  thefe  twenty  pipes  of 
willow-coal  powder,  could  be  for  no, 
other  purpofe,  one  would  think,  than 
for  the  making  of  gunpowder,  if 
gunpowder  itfelf  did  not  come  under 
that  denomination.  Three  years  be- 
fore this,  a proclamation  had  been 
iffued,  forbidding  the  exportation  of 
gunpowder  j and,  in  thofe  early  ages 
of  commerce,  it  may  be  thought  un- 
likely that  gunpowder  would  be  firft 
imported  into  England,  and  then  ex- 
ported again.  Hollingftied  in  his 


• Rymer’s  Feeder.  Tom.  XI.  p.  543. 
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'chronicle,  fpeaks  of  the  capture  of 
two  French  velTels  in  1386,  with  a 
great  quantity  of  gunpowder,  which, 
he  fays,  was  more  worth  than  all  the 
reft  of  the  cargo ; but  had  no  gun- 
powder been  then  made  in  England, 
it  would  have  been  natural  for  him  to 
have  mentioned  that  circumftance. 
This,  however,  is  mere  conjedlure, 
and  a more  diligent  fearch  into  anti- 
quity may,  perhaps,  ftiew  it  to  be  ill 
founded.  There  is  a diverfity  of  tef- 
imony  on  this  fubjedl;  one  author* 
aflerting,  that  Queen  Elizabeth  was 
the  firft  of  our  princes  who  caufed 
gunpowder  to  be  made  in  England; 
another  f informing  us,  that  a houfe 
near  the  tower,  in  which  gunpowder 
was  made,  was  blown  up  in  the  reign 

of 

• Baker’s  Chron.  p,  399.  Edit.  1696. 
t Hollingftied’s  Chron.  year  1552. 
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of  Edward  the  Sixth,  and  fifteen  ■ 
gunpowder  makers  flain  by  the  ac- 
cident. But,  whenever  gunpowder 
was  firft  made  in  England,  it  is  not 
without  reafon,  that  we  fuppofe  it  to 
have  been  made  of  faltpetre  manufac- 
tured in  England  j fince  it  is  not  at  all 
likely  that  any  foreign  power  would 
permit  the  exportation  of  fo  im- 
portant, and,  at  that  period,  fo  fcarce 
a commodity. 

Before  fuch  large  quantities  of 
feltpetre  were  imported  from  the  Eaft 
Indies,  the  manufafturing  of  it  in 
England  was  much  attended  tOi 
though  it  appears,  from  a proclama- 
tion of  Charles  the  Firft,  in  the  year 
1627,  that  the  faltpetre  makers  were 
never  able  to  furnifh  the  realm  wit^ 
one  third  part  of  the  faltpetre  requi- 
fite,  efpecialiy  in  time  of  war.  This 

pro- 
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proclamation  was  iffued  in  1627,  irt 
confequence  of  a patent  granted,  in 
the  year  1625,  to  Sir  John  Brooke 
and  Thomas  Ruffel,  for  making  fait- 
petre  by  a new  invention*.  In  this 
new  invention,  great  ufe  was  made  of 
all  forts  of  urine ; for  the  proclama- 
tion orders  all  perfons  to  fave  the 
urine  of  their  families,  and  as  much 
as  they  could  of  that  of  their  cattle, 
to  be  fetched  away,  by  the  patentees 
or  their  affigns,  once  in  twenty  four 
hours  in  the  fummer,  and  in  fortv 
eight  hours  in  the  winter  feafon. 
This  royal  proclamation  was  no  fraall 
inconvenience  to  the  fubjedt;  but  it 
was  not  fo  great  a one  as  that,  by 
which  the  faltpetre  makers  were  per- 
mitted to  dig  up  the  floors  of  all 
dove-houfes,  flables,  &c.  the  pro- 
prietors 

• Rymer’s  Feed.  Tom.  XVIII.  p.  813. 
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prietors  being  at  the  fame  time  pro- 
hibited from  the  laying  of  fuch  floors 
with  any  thing  but  mellow  earth. 
To  this  grievance  all  perfons  had 
been  fubjefted  by  a proclamation  in 
1625,  which  was  revived  in  its  chief 
extent  in  1634;  the  new  invention 
not  having  anfwered  the  purpofe  for 
which  the  patent  had  been  granted; 
and  it  was  not  till  the  year  1656,  that 
an  aft  of  parliament  pafled,  forbid- 
ding the  faltpetre  makers  to  dig  in 
houfes  or  lands,  without  leave  of  the 
owners. 

As  in  England,  the  earth  impreg- 
nated with  the  dung  of  pigeons,  the 
urine  of  cattle,  &c.  was  formerly  fup- 
pofed  to  belong  to  the  crown  ; fo  in 
France,  the  rubbifh  of  all  old  houfes, 
the  mellow  earths  of  ftables,  cellars, 
■&C.  does  at  prefent  belong  to  the 

king. 
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Icinsf.  In  the  dominions  of  the  kins 

O - O 

of  Pruffia,  and  in  many  parts  of  Ger- 
many, the  inhabitants  are  obliged  to 
build  mud  walls  of  any  fat  earth 
mixed  with  ftraw;  and  thefe  wallsj 
in  a longer  or  fliorter  time,  accord- 
ing to  the  quality  of  the  materials  of 
which  they  are  built,  and  the  fitua- 
tion  in  which  they  are  placed,  be- 
come impregnated  with  faltpetre. 

There  are  a great  many  materials 
from  which  faltpetre  may  be  made ; 
in  general,  all  animal  and  vegetable 
fabllances,  when  mixed  with  lime- 
ftone  earths,  or  marles  of  different 
forts,  in  fiich  proportion  as  to  excite 
a putrefaftion  in  the  mafs,  are  pro- 
per for  this  end.  The  parts  of  ani- 
mals, without  any  addition  of  earth,' 
are  faid  to  yield  faltpetre  by  putre- 
faction ; urine  flightly  putrified  gives 
VOL.  I.  T , ft.]:- 
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faltpetre  in  a fmall  quantity,  being 
fully  putrified  it  yields  it  more  abun- 
dantly*. Kunckel  took  frefh  blood, 
and  left -it  to  putrify  in  a warm  place 
till  it  was  reduced  to  earth  ; he  ob- 
tained, by  this  means,  above  five 
pounds  of  faltpetre  from  one  hundred 
pounds  of  blood -f.  If  this  experi- 
ment may  be  generally  relied  on,  it 
might,  perhaps,  be  worth  while  to 
extradl  the  faltpetre  from  the  earth 
remaining  in  the  blood  and  gar- 
bage holes  of  flaughter  houfes.  The 
method  of  extrading  faltpetre,  from 
the  earths,  in  which  it  is  generated, 
is  much  the  fame  in  all  countries. 
It  confifts  in  pouring  water  upon  the 
earths,  to  difiblve  all  the  fait,  of  what- 
ever kind,  which  is  contained  in 
them ; in  pafling  this  water  through 

Vv'ood 

• Junck.  Chem.  Vol.-II.  p.  296. 
t W-  P-  23S* 
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wood  allies,  in  order  to  fupply  the 
unformed  parts  of  the  faltpetre  with 
a proper  alkaline  balls,  and  in  eva- 
porating the  folution,  till  it  be  of  a 
proper  Ifrength  to  llioot  into  cryftals. 
The  'faltpetre  obtained  by  this  firll 
cryftallization,  is  feldom  pure  enough 
for  the  purpofes  of  making  gunpow- 
der, or  of  medicine 

I do  not  know  that  we  have  at 
prefent  any  faltpetre  works  eftablith- 
ed  in  England ; there  have  been 
many  proje£ts  propofed  for  making 
it,  both  in  the  lafl;  and  prefent 

cen- 

• The  reader,  who  wifhes  to  know  more 
of  the  manner  of  making  faltpetre,  may  con- 
fult  a very  good  paper  of  Mr.  Henlhaw’s,  in 
Bilhop  Sprat’s  Hihory  of  the  Royal  Society, 
p.  260.  or  Newman’s  Chemiftry,  publllhed  by 
Lewis,-  p.  197.  or  Glauber’s  Profperity  of  Ger- 
many, or  Clarke’s  Nat.  Kill,  of  Saltpetre  ; the 
manner  of  making  it  in  Podolia  is  deferibed 
in  Piiiiof,  Trarif.  1763, 
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Century,  but  they  have  all  ended  more 
to  the  difadvantage,  than  the  emolu- 
ment of  the  undertakers.  The.focie- 
ty  for  the  encouragement  of  arts  and 
manufaftures,  in  vain  propofed  pre- 
miums for  the  making  of  faltpetre, 
from  the  year  1756  to  1764*;  thefe 
premiums  were  never  claimed,  and  a 
faltpetre  work,  which  was,  about  that 
time,  eilablilhed  at  the  expence  of 
above  fix  thoufand  pounds,  was  at  laft 
abandoned;  the  proprietors  having 
been  experimentally  convinced,  that 
they  could  not  afford  to  fell  their 
faltpetre,  for  lefs  than  four  times  the 
price  of  that  imported  from  India. 
The  reafon  of  this  conftant  failure 
in  all  attempts  to  make  faltpetre  with 
.profit  in  England,  may  be  attributed 

partly 

* Doflle’s  Memoirs  of  Agriculture,  Vol.  I. 
p.  197. 
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partly  to  the  nature  of  the  climate”, 
which  probably  does  not  generate 
faltpetre  fo  abundantly,  as  fome  other 
climates  do  •,  but  principally,  it  is 
apprehended,  to  the  dearnefs  of  the 
wood  afhes  generally  ufed  in  pre- 
paring this  fubftance,  and  to ’the 
high  price  of  the  labour,  which  mufli- 
be  employed  in  collefting  and  ma- 
nufacturing the  materials.  . 

How  far  wood  afhes  are  in  alF 
cafes  necelTary,  for  the  extradlion  of 
faltpetre  from  the  earths  containing 
it,  may  be  much  queflioned  from  the* 
refult  of  the  following  experiment. 

From  an  old  barn,  belonging  to 
the  Dean  and  Chapter  at  Ely,  I took 
fome  decayed  mortar,  which  vvas  full 
of  thofe  faline  Ihoots  frequently  feejn 
on  old  walls,  and  boiled  it  in  a pro- 
per quantity  of  water;  the  water  be- 
T 3 ing 


( 294  ) 

ing  filtered  and  evaporated,  afforded 
, in  great  plenty,  fine,  well  formed  ery- 
ftals  of  faltpetre;  the  cryftals  were 
taken  our  and  dried,  and  the  remain- 
ing part  of  the  folution  was  again 
evaporated,  and  it  again  yielded  very 
good  faltpetre;  but  I could  not  ob- 
ferve,  that  there  was  any  occafion  for 
wood  afhes  to  make  any  part  of  the 
folution  cryftallize,  or  that  there  were 
formed  any  cryftals  either  of  fea  fait, 
or  of  any  other  fait,  except  faitpetre. 

This  experiment,  which  I repeated 
more  than  once,  contradifls  a very 
generally  received  opinion, , namely, 
that  faltpetre  cannot  be  made  from 
the  rubbifh  of  old  buildings,  without 
the  concurrence  of  the  fait  feparable 
from  the  afhes  of  burnt  vegetables  *; 

it 


• - — nullum  nitrum  a nobis  hie  in  Ea- 

ropa 
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it  cannot  be  denied,  that  the  vegeta- 
ble fixed  alkali,  is  one  of  the  confti- 
tiient  parts  of  faltpetre;  but  it  is  con- 
tended, that  the  burning  of  vegeta- 
bles, is  not  the  only  way  of  procuring- 
that  alkali,  fince  we  fee,  from  this 
experiment,  that  it  was  as  certainly 
formed  in  the  mortar  as  the  faltpetre 
itfelf  was. 

A few  years  ago,  as  fome  workmem 
were  digging  gravel  near  Bury  St.. 
Edmunds^  they  met  with  a large  folid 
fubflance  of  a white  colour,  furround- 

ed  \ 

ropa  natum  cognofci  cujus  nativitatem  non 
ingreditur /al fixus  qui  in  cineribus  lignorum.^ 
combuftorum  deprehenditur.  Boerh.  Chem. 
Vol.  II.  p.  386.  Nature  affords  no  perfedl- 
faltpetre,  — we  may  be  afTured  that  cryflal- 
line  nitre,  whencefoever  it  comes,  has  been 
inanufaflured  by  art;  that  art  has  fuppIied//> 
alkalins  bajif,  and  reduced  it  into  a cryllalline* 
form,.  Newman’s  Chem  p.  19". 

T 4 
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ed  every  way  with  gravel,  and  at  the 
diftance  of  twelve  or  fourteen  feet 
from  the  furfacej  they  at  firft  miftook 
it  for  a lump  of  chalk,  but  upon 
tailing  it  they  found  it  to  have  the 
tafte  of  faltpetre.  I have  a piece  of 
the  original  lump  in  my  pofieffion, 
it  is  a folid  mafs,  very  hard;  when 
diffolved  and  cryftallized,  it  affords 
cryllals,  refembling  in  all  their  pro- 
perties the  purell  faltpetre.  Unlefs 
more  care  had  been  taken  in  examin- 
ing the  fituation  of  this  lump  of 
faltpetre,  when  it  was  firft  difeover- 
ed,  it  may  be  difficult  to  account  for 
its  produdtion ; but  it  is  highly  pro- 
bable, that  it  was  a natural  produc- 
tion, and  that  the  aflies  of  burnt  ve- 
getables had  never  been  employed  in 
its  formation.  The  roots  of  horfe 
radilh,  penetrate  very  deep  into  the 

earth. 
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earth,  and  upon  inquiry,  I found,  that 
horfe  radifli  grew  upon  the  furface  of 
the  earth,  where  this  mafs  of  faltpe- 
tre  was  formed  ■,  whether  this  plant 
had  contributed  to  its  formation, 
may  be  a queftion  worthy  the  read- 
er’s confideration,  fince  we  know 
that  many  plants,  fuch  as  borage,, 
fennel,  the  fun-flower,  and  tobacco, 
yield  faltpetre. 

Another  obfervation,  which  may 
be  drawn  from  what  has  been  ad- 
vanced, refpedts  the  nature  of  thofe 
faline  efflorefcences,  which  were  found 
in  the  mortar,  and  are  frequently  to 
be  met  with  on  old  damp  walls,  and 
from  which  the  word  faltpetre,  or 
fait  of  ilone  (fal  -pctra)  feems  to  be 
derived.  Many  authors  * have  af- 
firmed, 

. * See  a Paper  of  the  very  ingenious  Dr. 

Brown- 
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firmed,  that  the  fait  of  thefe  {hoots 
is  the  mineral  fixed  alkali.  I have 
reafon,  from  my  own  experiments  on 
the  fubjedt,  to  believe,  that  the  affir- 
mation is  true  in  fome  inflances;  but 
■it  muft  nor,  I apprehend,  be  gene- 
rally admitted,  fince  we  have  feen, 
that  thofe  {hoots  yield  in  fome  cir- 
cumfrances,  not  the  mineral-  alkali^ 
but  a perfedl  faltpetre. 

With  great  diffidence  I propofe  it 
to  be  confidered,  v/hether  the  fame 
faline  {hoots,  which  in  fome  cafes 
conftitute  the  mineral  fixed  alkali, 
would  not,  if  left  to  themfelves  on 
the  fame  place  where  they  are  pro- 
duced, be  at  length  converted  into 
faltpetre.  The  operation  of  nature 

in 

Brownrig  in  Pliilof.  Tranf.  for  1774.  p.  485. 

— Opus.  Chym.'by  Marggraf,  Vol.  il.  p.419. 

— Cronftedt’s  Miner,  p.  143. 
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in  fpontaneoufly  producing  thofe 
flioots  of  mineral  fixed  alkali,  is  in 
no  refpefl:  lefs  wonderful,  than  the 
converfion  of  the  fixed  alkali  itfelf, 
by  a longer  procefs,  into  faltpetre. 
This  conjedture,  founded  on  tire  dif- 
ferent qualities  of  thefe  faline  flioots, 
and  the  manner  of  their  being  pro- 
duced, may  receive  fome  confirma- 
tion, from  the  two  following  fadls. 
‘‘  Near  the  city  of  Xen-Si  in  China^ 
is  a town,  about  which  the  land  pro- 
duces three  things.  One  is  the  foap 
they  ufe  there,  called  Kien-,  thcj 
know  nothing  of  our’s.  After  it 
has  rained,  if  the  fun  fliine,  there  rife 
out  of  the  earth  certain  bladders  of 
thick  froth,  which  are  gathered  to 
v/afh  and  whiten  linen.  The  fecond 
is  faltpetre,  and  common  fall  the  third. 
Out  of  twenty  pounds  of  earth,  put 

into 
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Into  a jar,  and  wrought  after  'their 
manner,  they  get  twelve  pounds  of 
fak,  and  three  of  faltpetre*.”  It  is 
probable,  that  the  Kie/f  here  fpoken 
of,  as  fupplying  the  place  of  foap, 
confifts  in  part,  or  wholly  of  the 
mineral  fixed  alkali.  “ Upon  the 
coaft  of  Coromandel,  in  a fandy  foil, 
not  far  from  the  fea,  the  inhabitants 
gather  every  morning,  an  earth 
abounding  with  a natural  alkali  •,  of 
this  earth  they  make  a lye,  which,, 
being  lharpened  by  quick  lime,  they 
ufe  in  fixing  their  colours  on  their 
linen  cloths.  But  if  the  alkali  be 
left  undifturbed  upon  the  place 
where  it  is  produced,  it  fpontane* 
oufiy  changes  itfelf  into  faltpetre  j-.” 

If 

* Churchill’s  Coll.  ofTraveIs,Vol.I.p.4g. 
f — fi  vero  fuo  generationis  loco  relin- 

quitur 
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If  tliis  Tandy  earth  was  wafhed,  com- 
mon fait  and  faltpetre  might  proba- 
bly be  feparated  from  it,  as  is  done 

from 

■quItuT  alcali  praedidlum,  in  nhrum  fe 

tranfmutat. Mifcell.  Curi  Germ.  ann.  9, 

& 10.  p.  460.  There  is  an  account  in  the 
Philofophical  Tranfaflions  for  1771,  p.  567* 
of  a foflile  alkaline  fait,  found  in  the  country 
of  Tripoli  in  Barbary,  which  our  caBico 
printers  thought  anfwered  their  purpofes 
-better  than  any  other  fait  they  had  ever 
tried.  This  obfervation  confirms  what  is 
faid  of  the  ufe  of  this  fait  found  on  the  coafi 
of  Coromandel,  and  teaches  us  to  aiitribute 
the  -excellency  of  the  Eaft  India  colours,  to 
the  nature  of  the  alkali  iifed  in  fixing  them. 
The  French  dyers  ufe  an  alkali,  prepared 
from  the  burning  of  tartar  and  lees  of  wine; 
this  alkali  is  of  the  purefl  kind,  and  the  fu» 
periority  of  their  colours,  over  thofe  of  moll 
other  countries,  has  been  attributed  to  the 
great  purity  of  the  alkali  which  they  ufed. 
Memoires  de  Chem.  Vol.II,  p.  556* 
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from  the  Chinefe  earth  before  men- 
tioned, and  the  two  accounts  confirm 
one  another.  If  thefe  accounts  be 
admitted,  they  will  greatly  tend  to 
reconcile  the  different  opinions  of 
chemifts  concerning  the  nitre  or  na- 
tron of  the  ancients,  fome  holding  it 
to  have  been  the  mineral  fixed  alka- 
li, and  others  efteeming  it  the  fame, 
with  our  faltpetre,  for  it  may  in  fadt 
have  been  either  one,  or  the  other, 
or  a mixture  of  both,  according  to 
its  age. 

It  may  in  the  laft  place  be  remark- 
ed, that  fea  fait  does  not  always  ac- 
company faltpetre  in  the  earths 
where  it  is  generated,  fince  not  a 
grain  of  fea  fait  could  be  obtained 
from  a large  portion  of  the  decayed 
mortar.  From  the  great  quantities 
■of  fea  fait  ufually  found  in  faltpetre 
a earths, 
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earths,  fome  chemifts  * have  conjec- 
tured, that  fea  fait  was  infenfibly 
changed  into  faltpetre,  and  others 
have  fuppofed,  that  the  fame  natu- 
ral procefs  which  produced  faltpetre, 
produced  alfo  fea  fait.  The  fore- 
mentioned  experiment  renders  this 
laft  fuppofition  fomewhat  doubtful, 
the  matter  however  is  not  certainly 
eftabliflied  either  way,  and  there  is 
great  room  for  further  inveiligation. 

This  leads  us  to  the  confideration 
of  a queftion  of  very  difficult  deci- 
lion  — how  is  faltpetre  generated  ? 
I am  not  afliamed  to  own  my  inabi- 
lity to  anfwer  this  queftion,  in  a 
manner  fatisfaftory  even  to  myfelf. 
There  are  powers  in  nature,  in  a 
great  meafure  unknown  to  us,  by 

which 

* Baume  Chy.  Vo!,  III.  p.  599. 
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which  the  parts  of  matter  are  fub- 
jefted  to  perpetual  change,  and  forc- 
ed. to  aflume  arrangements  from 
which  new  compounds  are  conftantly 
refulting.  The  fweet,  bitter,  and 
aromatic  juices  of  vegetables;  the 
blood,  bile,-  milk,  urine,  fat,  and 

# 

bones  of  animals,  are  all  of  them  as 
different  from  the  fubftances  from 
which  they  are  compofed,  as  falt- 
pctre  is  from  the  earth,  from  which 
it  is  generated : but  the  one  being 
a more  common  procefs  of  nature, 
than  the  other,  it  does  not  fo  much 
aftonifli  us,  or  excite  our  curiofity 
to  account  for  it.  The  anfwer  of 
the  Spaniard,  who  was  aflced  if  he 
knew  how  the  faltpetre  was  yearly 
regenerated  in  his  grounds,  feems  to 
include  all  that  philofophy  can  fay 


on 
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on  the  fubje£l ; “ I have  two  fields,' 
in  the  one  I fow  wheat  and  it  grows, 
in  the  other  I collect  faltpetre*.” 

There  was  a time,  when  the  air 
was  looked  upon  by  all  chemifls,  as 
the  great  ftorehoufeof  faltpetre;  and' 
the  earths  in  which  it  was  found 
were  luppofed  to  have  attracfted  it, 
ready  formed,  from  the  air.  Inftead 
of  faltpetre  in  fubftance,  fome  later 
philofophers  have  fuppofed  that  its 
acid  part  only  exifts  in  the  air ; and 
that  this  acid  part,  being  attradled 
from  the  air,  unites  itfelf  with  the 
earths  which  yield  faltpetre.  Others 
are  of  opinion,  that  the  acid  of  falt- 
petre does  not  float  in  the  air  as  a 
fubftance  diftinct  from  it,  but  that 
it  is  one  of  the  conftituent  parts  of 

the 

* Hiftoire  Nat.  de  L’  Efpagne  by  Bowles; 
p.  8o. 
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the  air  itfelf;  and  confcquently,  if 
faltpetre  be  formed  by  the  earths 
attrafting  this  acid,  the  air  muft  be 
decompofed.  I know  not  of  any 
well  conducted  experiments  which 
are  fo  conclufive  in  favour  of  this 
aerial  origin  of  faltpetre,  as  one  of 
Lemery’s  is  againft  it.  He  put  fome 
lime  into  one  difh,  fome  fait  of  tartar 
into  another,  and  a faltpetre  earth, 
from  which  he  had  extrafted  the  fait, 
into  a third.  He  placed  thefe  three 
diflies  in  a fitnation  open  to  the  ac- 
cefs  of  the  air,  and  fncltered  from  the 
fun-,  he  let  them  continue  in  that  fi- 
tuation  for  two  years ; at  the  expira- 
tion of  that  term  he  examined  their 
feveral  contents,  but  no  faltpetre  had 
been  generated  in  any  one  of  them-, 
though  faline  fhoots  had  been  form- 
ed on  the  walls  of  the  place,  in  which 

.they 
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they  flood.  He  afterwards  mixed 
thefe  fame  fubftances  with  animal 
matters,  and,  after  they  had  flood  a 
proper  time,  they  all  yielded  him 
faltpetre  *. 

Saltpetre,  it  is  granted,  cannot  be 
produced  v/ithout  air,  but  a fimple 
expofure  to  the  air  of  the  materials, 
in  which  it  is  mofl  generally  found, 
does  not  feem  to  be  fufiicient  for  the 
purpofe.  Air  is  neceflary  for  the 
commencing,  and  continuing  of  that 
inteftine  motion  of  the  parts  of 
vegetable  and  animal  fubflances, 
which  is  called  putrefadion ; and  I 
do  not  knov/,  whether  the  fame  may 
not  be  faid  of  fome  minerals  hence, 
perhaps,  it  may  not  be  a propofition 
far  from  the  truth  if  we  fhould  fay, 

that 

♦ Memoires  de  1’  Academic  des  Scien.  a 
Parisj  ann.  1731. 
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that  faltpetre  is  never  produced  in 
iubftances,  which  have  not  under- 
gone a putrefadive  fermentation. 
Thus  Lemery  got  faltpetre  as  foon 
as  he  mixed  with  his  earths  animal 
j'ubftances,  which  ever  tend  to  pu- 
trefadion.  Frefli  blood  contains  no 
faltpetre,  but  Kunckel  extraded  a 
large  quantity  from  putrified  blood. 
Frelh  urine  yields  no  faltpetre,  but 
putrified  urine  yields  it  in  great 
abundance,  as  may  be  gathered  from 
the  patent  before  mentioned,  by 
which  it  was  ordered  to  be  faved  for 
the  making  of  faltpetre.  Qyiick- 
lime  does  not  contain  a particle  of 
faltpetre-,  a mixture  of  frefh  urine 
and  quicklime,  if  examined  foon  af- 
ter it  is  made,  will  not  yield  any,  but 
after  being  fufFered  to  putrify  for 
fix  or  feven  months  very  good 

fait- 
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faltpetre  may  be  extraded  from  it 
Al!  the  common  procefl'es  for  mak- 
ing faltpetre  imply  the  putrefaftion 
of  the  materials.  Now  if  it  be  al- 
lowed, that  faltpetre  is  never  pro- 
duced without  fome  kind  and  degree 
of  putrefadlion,  it  may  deferve  to  be 
inquired,  whether  in  its  mode  of  ge- 
neration, it  has  not  fome  relation  to 
two  other  fubilances,  univerfally  pro- 
duced by  putrefadlion,  I mean  fixed^ 
air^  and  volatile  alkali.  Many  con- 
jeftures,  not  fufficiently  warranted 
by  experiment  to  be  laid  before  the 
reader,  prefent  themfelves  on  this 
head;  one  experiment,  however,  I 
will  m.ention,  efpecially  as  it  is  ge- 
nerally adduced  by  chemical  writers 
in  fupport  of  their  theories,  concern- 
ing the  origin  and  nature  of  the  acid 

of 

* Chymie  par  M.  Baume,  Vol.  III.  p.  594. 
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of  faltpetre.  When  faltpetre  and 
charcoal  in  powder,  are  thrown  to- 
gether upon  a fire,  or  any  red  hot 
fubftance,  the  faltpetre  is  fuddenly 
exploded,  with  a noife  which  is 
ufually  called  detonation-,  much  air  is 
fet  at  liberty,  there  arifes  a very  co- 
pious condenfable  fume,  and  there 
remains,  when  the  detonation  is  fi- 
nifhed,  a fixed  alkali ; that  is,  there 
remains  one  of  the  conftituent  parts 
of  faltpetre,  the  other  part,  namely, 
the  acid,  is  difperfed  with  the  fume ; 
this  condenfable  fume  has  been  col- 
ledled,  and  it  is  faid  to  contain  no- 
thing but  water,  mixed  accidentally 
with  a little  fixed  alkali,  which  is 
fuppofed  to  have  proceeded  from  the 
alkaline  bafis  of  the  nitre  *.  The 
liquor  thus  collefted,  is  called  the 

clyjfus 

* Diaion.  ofChem.  Art.  Clyjfus, 
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dyjfus  of  nitre  ; I have  frequently 
collected  this  liquor,  and  always 
found  that  it  abounded  with  volatile 
alkali-,  this  volatile  alkali  may  be 
rendered  vifrble  in  a concrete  form, 
by  diftilling  the  clyfTus  with  a gentle 
heat.  Is  the  nitrous  acid  formed 
from  an  union  of  fixed  air  with  vola- 
tile alkali,  by  means  of  putrefaftion  ? 
What  is  fixed  air,  and  what  is  vola- 
tile alkali,  and  how  are  they  pro- 
duced, are  queftions  vrhich  want  an 
explanation,  juft  as  much  as  what  is 
the  acid  of  faltpetre,  and  how  is  it 
produced  ? 


ESSAY 


ESSAY  IX. 


Of  the  manner  of  making  Saltpetre 
in  the  Eafi  Indies, 

H E reader  will  not  be  dif- 


■ JL  pleafed  with  feeing  fome  of  the 
bell  accounts,  which  I have  met  with 
in  books  on  this  fubjeft,  in  the  words 
of  the  feveral  authors. 

“ There  is  alfo,  a great  deal  of 
faltpetre  vended  at  Suratte,  which  is 
made  at  Afmer^  6o  leagues  from  Agra, 
out  of  the  fatteft  ground,  after  it  has 
lain  fallow  a confiderable  time  j they 


dig 
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dig  certain  trenches, v/hich,  after  they 
have  filled  with  fait  earth,  they  let  in 
as  much  water  as  is  fiifficient  to  re- 
duce it  to  the  confiftency  of  broth, 
and  to  foak  it  the  better,  they  fre- 
quently tread  it  with  their  feet;  when 
they  judge  the  water  has  diflblved  all 
the  faline  fubftance  that  was  in  the 
earth,  they  draw  up  the  water  into 
' another  trench,  where  in  fome  time 
it  thickens,  when  they  boil  it  like 
fait,  fcumming  it  continually,  and 
afterwards  put  it  into  earthen  pots, 
where  the  dregs  being  fettled  to  the 
bottom,  they  take  it  out  again,  and 
dry  it  to  a hard  fubftance  in  the  fun*.” 

“ The  manner  in  which  nitre  is 
originally  obtained  in  the  Eaft  In- 
dies, is  (as  I have  it  on  the  authority 

of 

* Harris’’ Colleition  of  Voyages,  Vol.  IF. 
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of  a perfon  of  unqueftionable  vera- 
city, who  made  it  his  particular  bu- 
finefs  to  procure  a juft  information) 
according  to  the  following  account. 
There  is  a very  tall  kind  of  grafs 
growing  in  the  country  where  the 
nitre  is  produced ; which  being  burnt 
cuftomarily  in  the  autumn,  forms 
beds  of  very  large  extent,  covered 
with  fuch  falts  and  earths,  refulting 
from  the  incineration,  as  are  the  moft 
proper  matrices  for  the  formation  of 
nitre.  Thefe,  lying  all  the  winter 
on  the  fides  of  hills  expofed  to  the 
‘ winds,  confequently  colled:  the  ni- 
trous fpirit  from  the  air,  in  the  fame 
manner,  as  when  fpread  by  art  with 
that  intent-,  and  produce  great  quan- 
tities of  nitre.  After  this,  a rainy  fea- 
fon  enfues, which  walhes  the  fait  down 
into  the  vallies  j where  the  folution, 

partly 
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partly  abforbed  by  the  earth,  and 
partly  flowing  above  it,,  is  expofed 
to  the  heat  of  the  flan,  that  makes  an 
evaporation  of  the  humidity,  and 
leaves  the  fak  in  a dry  ftate,  either 
commixt  with  the  earth,  or  on  the 
furface  of  it ; and  this  is  fometimes 
artificially  afllfted,  by  turning  the 
rills  of  water  as  they  defcend  from 
the  higher  grounds  by  proper  tanks, 
into  places  where  the  abforption  of 
it  by  the  ground  is  prevented,  and 
where  therefore  the  fluid  drying  away 
by  infolation,  produces  a ftrong  fo- 
lution  of  the  nitre  *,  which'  being 
taken  out  and  purified  in  that  ftate, 
is  afterwards  reduced  into  a cryftal- 
line  form  by  evaporation 

“ Saltpetre  is  likewife  the  produce 

of 

• Doffie’s  Inllitutes  of  Chem.  Vol.  II.  p. 
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of  Patna.  It  is  extrafted  from  a 
clay,  which  is  either  black,  whitifh, 
or  red.  The  manner  of  refining  it, 
is  by  digging  a large  pit,  in  which 
this  nitrous  earth  is  depofited,  and 
diluted  with  a quantity  of  water, 
which  is  kept  ftirred  till  it  comes  to 
a confiftency.  The  water  having 
drawn  out  all  the  falts,  and  the  grofler 
parts  fubfiding  at  the  bottom,  the 
more  fluid  particles  are  taken  out 
and  put  into  another  pit  not  fo 
large  as  the  former.  This  fubftance 
having  undergone  a fecond  purifica- 
tion, the  clear  water  that  fwims  on 
the  top,  and  is  totally  impregnated 
with  nitre,  is  taken  off  and  boiled  in 
caldrons;  it  is  fcummed  while  it  is 
boiling,  and,  in  a few  hours,  a ni- 
trous fait  is  obtained  infinitely  fupe- 

rior 
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rior  to  any  that  is  found  elfewhere  *, 
The  Europeans  export  about  ten  mil- 
lions of  pounds  for  the  ufe  of  their 
fettlements  in  Afia,  or  for  home  con- 
fumption  in  their  refpeftive countries. 
It  is  bought  upon  the  fpot  for  three 
fols  (i  d.  |)  a pound  at  the  moft,  and 
is  fold  again  to  us  for  ten  (5d.)  at 
the  lead  f. 

By  the  inquiries  which  I have  had 
an  opportunity  of  making,  from  gen- 
tlemen who  had  long  refided  in  the 
Eaft  Indies,  I can  only  learn,  that 
there  are  certain  earths  naturally  im- 
pregnated with  faltpetre,  and  that 

the 

' ^ I am  ignorant  of  the  particulars  in  which' 
the  Eaft  India  nitre^  excels  that  made  in  dif- 
ferent parts  of  Europe. 

t Hiftory  of  European  Settlements  in  the 
Eaft  and  Weft  Indies.  Eng.  Tranf.Vol.  I.  p. 
340- 
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the  inhabitants  throw  up  thefe  earths 
in  little  heaps,  refeinbling  the  heaps 
in  which  lime  is  ufually  fcattered 
over  a field  before  it  is  fpread;  and 
at  a proper  feafon  they  extract  the 
faltpetre,  and  cryftallize  it  without 
making  any  ufe  of  the  aflies  of  burnt 
vegetables.  This  method  of  making 
faltpetre  is  much  the  fame  with  that 
praflifed  in  Egypt,  as  defcribed  by 
an  author  near  an  hundred  years  ago. 
The  furface  of  the  earth,  we  are 
told,  where  faltpetre  is  found,  is  in 
fome  places  covered  with  a whitifli 
cruft,  in  others  the  fait  is  difcovered 
by  the  tafte  of  the  earth.  This  earth 
is  dug  up,  and  being  pafled  through 
a fieve,  they  fteep  it  in  water,  and 
then  boil  the  water  till  the  fait  falls 
to  the  bottom.  All  the  gunpowder 
made  in  Egypt,  was  formerly  made 

of 
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of  this  faltpetre  * ; which  Ihews  the 
fait  thus  procured,  to  have  been  not 
the  mineral  alkali,  but  a true  falt- 
petre. 

That  this  is  a very  poffible  me- 
thod of  making  faltpetre  is  certain, 
not  only  from  the  experiment  with 
the  old  mortar  mentioned  in  the  pre- 
ceding Effay,  but  from  what  is  con- 
ftantly  pradlifed  in  Spain,  where  they 
extraft  large  quantities  of  faltpetre, 
from  earths  naturally  impregnated 
with  it,  without  having  recourfe  to 
vegetable  afhes.  A third  part  of  the 
uncultivated  lands  in  Spain,  is  faid 
to  abound  with  faltpetre  ready  form- 
ed. Thefe  lands,  where  they  are 
wrought  for  faltpetre,  are  turned 

over 

* Toute  la  poudre  qu’  on  fait  en  Egypt  n’ 
eft  fait  que  de  ce  nitre,  qui  eft  le  vray  fal- 
petre.  Journ.  de  Sjavans  1685. 
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over  two  or  three  times  in  the  win- 
ter, and  fpring ; and  in  Auguft  they 
throw  the  earth  in  heaps,  and  extract 
the  faltpetre  by  pouring  water  on  the 
earth,  put  into  proper  veflels,  and 
cryftallizing  the  folution.  The  earth, 
after  the  extraction  of  the  faltpetre, 
is  fpread  on  the  fame  ground  from 
which  it  was  taken,  and  at  the  expi- 
ration of  twelve  months  it  again  be- 
comes impregnated  with  faltpetre, 
and  the  fame  earths  have  for  time 
immemorial  annually  produced  the 
fame  quantity  of  faltpetre*.  This 
Spanifti  earth  refembles  the  Chinefe 
earth,  mentioned  in  the  laft  Effay, 
in  containing  a large  portion  of  fea 
fait,  for  they  obtain  from  twenty  to 

forty 

♦ Hift.  Nat.  de  1’  Efpag.  p.  79.  French 
Tranf.  1778. 
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forty  pounds  of  common  fait  from 
one  hundred  pounds  of  the  earth; 
the  crude  faltpetre  alfo  as  brought 
from  the  Indies,  is  greatly  polluted 

with  common  fait. Is  the  com- 

mon  fait  in  the  Spanifh  earth,  annual- 
ly regenerated  as  well  as  the  faltpetre  ? 

The  lands  in  Spain,  fays  the  au- 
thor of  its  Natural  Hiftory,  if  pro- 
perly managed,  would  fupply  all 
Europe  with  faltpetre  to  the  end  of 
the  world.  In  this  circumftance 
Spain  is  more  fortunate  than  Eng- 
land, as  we  are  obliged  to  rely  upon 
our  importation  from  the  Eaft  Indies 
tor  all  the  faltpetre  we  ufe:  Spain 
however  has  not  yet  been  able,  or 
willing  to  furnilh  from  its  lands, 
fikpetre  enough  for  its  own  con- 
fiimption ; fince  it  is  obliged,  occa- 

fionally, 


( 323  ) 

fionally,  to  have  recourfe  to  an  im- 
portation of  that  commodity  from  • 
this  kingdom. 

The  Eaft  India  company  had  their 
firft  charter  granted  in  1 600 : in  the 
year  1628  they  publifhed  their  pe- 
tition and  remonftrance  to  the  Houfe 
of  Commons ; from  this  tradb  it  ap- 
pears, that  they  had  good  quantity 
of  faltpetre  then  in  ftore,  and  that 
they  weekly  made  about  thirty  bar- 
rels of  gunpowder  at  their  own  pow- 
der mills,  from  fuch  refined  faltpetre 
as  they  brought  from  the  Indies.  By 
their  charter,  granted  in  1693,  they 
were  bound  annually  to  fupply  go- 
vernment with  500  tons  of  faltpetre 
at  38/.  loj.  a ton  in  time  of  peace, 
and  at  45/.  in  time  of  war. 

The  following  tables  were  ex- 
tracted from  the  cuftom  houfe  books, 

X 2 by 
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by  a perfon  on  v/hofe  accuracy  I 
could  depend. 

Saltpetre  imported  annually  into 
England  for  feven  years  ending  at 
Chriftmas  1769. 

C.  q.  lb. 

FromXtmas  1762,10X1.1763  — 42580'  2 26 

1764  — 22692  3 6 

1765  — 353993  7 

1766  — 41313  o o 

1767  — 37424  2 22 
1768—33840  3 26 
1769  — 34437  3 o 

Total  imported  in  7 years  — 247689  3 ‘3 

This  quantity  gives  an  annual 
medium  of  3963036  lb 

* The  Dutch  Eaft  India  fleet  in  1709, 
.imported  21753701b.  offaltpetre;  (Schelha- 
merdenitro,  p»  82  ;)  yet  notwithftanding  the 
great  quantities  of  faltpetre  which  are  annu- 
ally brought  into  Europe  from  the  Eaft  In- 
dies, it  is  reckoned  that  two  thirds  of  the 
whole  produce  of  that  commodity  are  fent 
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Saltpetre  exported  from  England,  from  Chriftmas  1762  to  Chriftmas  1769. 


Exported  to 
Denmark  and  Norway 

1763. 

C.  q.lb. 
292  0 3 

1764. 

C.  q.  lb. 
780  3 8 

1765. 

C.  q.lb. 
276  2 10 

1766. 

C.  q.lb. 
588  I 18 

1767. 

C.  q.lb. 

1768. 
C.  q.lb. 

1769. 

C.  q.lb. 
634  2 0 

97  I 2 1 

Flanders  • 

3 9 
20  0 0 

202  2 0 
2.2i6  1 7 

389  3 6 

147  1 19 

125  0 22 

391  I 16 

603  0 4 

IIS  0 15 

103  0 14 

642  0 14 
11,518  3 10 

329  0 0 

254  2 18 
4,864  0 0 

419  I 14 

91  3 zi 
3.485  1 3 
570  I 18 

473  t 7 

1,761  0 II 

Holland  

**9  3 17 

61  0 13 
538  0 9 

1,296  2 0 

1,609  3 2 

luly 

2,0 r8  2 0 

84  1 0 

247  2 10 

8200 

II  A 

59  0 27 

3,603  2 6 
243  2 16 

70  I 0 

20  0 0 

Streights  • ■ 

1,976  2 12 

l A T 

Turkey  

60  0 8 

0 1 8 

020 

i 1 n 

22  0 0 

4 3 J8 

7 0 22 

21  10 

CaMdt°^-^ 

720 

0 2 14 

I 3 12 

^011 

0 2 2zL 

4.  0 

Carolina  — 

OcorgiE  . — ■ ■■ 

50  I 10 

28  0 16 

39  I 0 
6 1 2 

27  0 7 

^ ‘'T 

22  0 10 

I 3 7 

2526 

.520 

34  3 II 

4 2 0 

1 0 0 

123  0 

3 3 14 
21  3 0 

2211 

1218 

1 3 19 

8 2 14 
6 0 20 

2 0 12 

2 0 20 

44  2 8 
123  0 

2 3 16 

22  2 7 

6 2 19 

New  England 

New  York  

IS  3 12 

630 

1300 

3 1 0 

20  3 c 

7 2 7 

0 2 A 

Penfilvania  ■ ■■  -- 

St.  Chriftopher’s 

V irginia  and  Maryland 

10  3 14 

21  I 0 

8 1 0 

5228 

23  3 17 

II  2 

49  I 20 

37  0 0 

630 

9 3 17 

20  2 2 

25  3 6 

57  2 12 

43  0 2 

48  2 10 

Totals  I 

7,221  3_25 

16,201  3 8 

8,052  1 14 

5,589  2 18 

4.549  I 3 

972  3 2 

4.422  2 17 

Total  exported  in  7 years  — 47010C.  2 q.  31b.  This  quantity  gives  an  annual  medium  of  752 168 lb. 


! 
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About  the  fame  period  that  the 
government  of  England^  bargained 
with  the  Eaft  India  company  for  an 
annual  fupply  of  falcpetre,  a much 
larger  quantity  was  made  in  France  j 
an  author  of  good  credit  * informing 
us  that  in  the  year  1691  the  faitpetre 
which  was  made  in  the  feveral  di- 
ftrifts  of  that  kingdom,  amounted  to 
— 3647767^:  pounds.  'This  is  a vaft 
quantity,  being  nearly  equal  to  the 
average  quantity,  annually  imported 
by  our  Eaft  India  company.  The* 
French  very  wifely  keep  up  their 
cftablifhments  for  the  making  of  falt« 
petre  •,  the  revolutions  which  have 
formerly  taken  place  in  India,  ren- 
der it  not  improbable,  that  fimilar 

ones 

into  China,  and  other  parts  of  Afia,  to  be 
ufed  in  fire  works. 

• See  Memoires  d’  Artillerie  par  Sr.  Suri- 
rez,  Tom.  2.  p.  104.  Amfter.  1702, 

X 3 
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ones  may  take  place  again  •,  and  Eng- 
land would  feel  the  diftrefs  which 
would  attend  the  non-importation  of 
faltpetre  from  the  Eaft  Indies,  more 
fenfibly  than  any  other  ftate  in  Eu- 
rope. This  danger  has  not  been 
adverted  to  by  any  Minifter ; but  if 
the  prevention  of  it  Ihould  ever  en- 
gage the  attention  of  the  legiflature, 
the  methods  of  making  faltpetre 
which  are  followed  in  France,  would 
deferve  to  be  confidered.  For  my 
own  part  I can  have  no  doubt, 
that  a plan  might  be  contriv* 
ed  for  the  making  of  faltpetre  in 
every  county  of  this  kingdom,  by 
the  very  moderate  labour  of  thofe, 
whofe  idlenefs  is  at  prefent  a burden 
to  themfelves,  and  a reproach  to 
the  police  of  the  community,  the 
paupers  of  the  feveral  pariihes. 

ESSAY 


ESSAY  X, 


Of  the  time  when  Gunpowder  was 
difcovered. 


HE  hiilory  of  the  difcovery 


JL  of  gunpowder  is  involved  in 
much  obfcurity,  the  moft  ancient 
authors  differing  from  each  other  in 
their  accounts  of  this  matter,  and 
many  of  them  confounding  two  di- 
ftinct  inquiries  ; — the  difcovery  of 
the  compofition  of  gunpowder  j — 
and  the  difcovery  of  the  means  of 
applying  it  to  the  purpofes  of  war. 


X 4 
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Father  Kircher  * affirms,  that  with- 
out controverfy  we  ought  to  attri- 
bute the  invention  of  gunpowder  to 
Barthold  Schwartz,  or  BarthoU  the 
Black,  a monk  of  Goflar  in  Ger- 
many, and  a profound  alchemifl: 
This  man  having  mixed  together, 
with  a medical  view,  nitre,  fulphur, 
and  charcoal,  a fpark  accidently  fell 
upon  the  mixture,  blew  up  the  pot 
in  which  it  was  contained,  and  caufed 
a dreadful  explofion  •,  the  Monk  afto- 
niffied  at  the  event,  made  feveral  re- 
petitions of  his  experiment,  and 
thereby  fully  difeovered  the  nature 
of  gunpowder  in  the  year  1354. 
Kircher  gives  us  alfo,  out  of  a very 
old  German  book  which  he  profefles 
to  have  rgad,  a monkiffi  account  of 
the  firftiufe  which  Schwartz  made  of 

his 


* Klich.  Mun.  Sub.  p,  487. 
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his  gunpowder ; he  employed  it  to 
frighten  fome  robbers  from  their 
haunts  in  the  woods. 

Sebafiian  Munfier  fays,  that  he  was 
well  informed  by  a very  eminent 
phyfician,  that  the  Danes  ufed  guns 
in  naval  engagements  in  the  year 
1354,  and  that  a chemift  called 
Schwartz,  was  the  firft  inventor  of 
them  *.  Pontanus  the  Danifli  hifto- 
rian  accedes  to  this  opinion. 

Polydore  Vergil,  who  died  in  the 
year  1555,  attributes  the  difcovery 
of  gunpowder  to  fome  very  ignoble 
German,  whofe  name  he  wifties  might 

never 

* Achilles  GalTarus  medicinae  dodlor,  et 
hiftoriographus,  diligentiflime  fcripfit  mihi, 
Bombardas  anno  Chrifti  1354,  in  uAi  apud 
mareDanicum  fuilTe,  primumque  inventorem 
et  autorem  extitifTe  chymiftam  quendam  no- 
mine Bartholdum  Schwartzum  monachum. 
Munller,  Cofmogr.  Univ.  Lib.  3.  C.  174, 
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never  be  handed  down  to  pofterity;  he 
further  informs  us,  that  this  German 
invented  alfo  an  iron  tube,  and  taught 
the  Venetians  the  ufe  of  guns  in  the 
year  1380*.  ’ 

This  is  the  common  account  of 
the  difcovery  of  gunpowder ; its  truth 
however  is  rendered  doubtful  by 
what  follows. 

The  battle  of  Crejfy  was  fought  in 
the  year  1346,  and  an  hiftorian  who 
lived  at  that  time  is  quoted  by  Span- 
danus  as  affirming,  that  the  Englifh 
greatly  increafed  the  confufion  the 
French  had  been  thrown  into,  by  dif- 
charging  upon  them  from  their  can- 
non hot  iron  bullets  "f.  Three  years 
before  the  battle  of  Crefly,  the  Moors 

were 

* Polyd.  Verg.  de  Inven.  Rerum.  Lib.  II. 
C.  XI. 

t Spond.  Ann.  Eccle.  ann.  1346, 
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were  befieged  by  the  Spaniards  in  the 
city  of  Algeziras,  and  we  learn  from 
Mariana,  the  Spanifli  hiftorian,  “ that 
the  befieged  did  great  harm  among 
the  Chriftians  with  iron  bullets  they 
Ihot  j”  the  fame  author  adds,  “ this 
is  the  firft  time  we  find  any  mention 
of  gundowdcr  and  ball  in  our  hifto- 
ries  The  Earls  of  Derby  and  Sa~ 
lijbury  are  mentioned  by  Mariana  as 
having  affifted  at  the  fiege  of  Alge- 
ziras,  and  as  they  returned  to  Eng- 
land in  the  latter  end  of  the  year 
1343,  it  is  not  an  improbable  con- 
jefture,  that,  having  been  witnefies 
of  the  havock  occafioned  by  the 
Moorifli  fire  arms,  they  brought  the 
fecret  from  Spain  to  England,  and 
introduced  the  ufe  of  artillery  into 
the  EngliPn  army  at  the  battle  of 

Crefly. 

* Ivlariaaa’s  Hift,  of  Spain,  Eng.  Tranf. 
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Crefly.  The  ufe  of  guns  in  Spain 
in  the  year  1343,  is  proof  fu/Hcient 
either  that  Schwartz  was  not  the  in- 
ventor of  gunpowder,  or  that  Kircher 
and  others,  are  miftaken  in  fixing  his 
difcovery  fo  late  as  the  year  1354. 

There  is  reafon,  however,  to  be- 
lieve that  both  gunpowder  and  guns, 
were  known  in  Germany,  at  lead 
forty  years  before  the  period  afligned 
by  the  Spanifli  hiftorian,  for  their 
firft  introduction  into  Spain.  In  the 
armoury  at  Amberg,  in  the  Palatinate 
of  Bavaria,  there  is  a piece  of  ord- 
nance, on  which  is  infcribcd  the  year 
1303  -f.  This  is  the  earliefl  account 

I 

f Quam  'opinloncm  (of  Schwartz  being 
the  inventor  of  gunpowder)  generofifGmus 
St:ettenius  refutat,  cum  ex  eo  quod  Ambergse 
Palatinatus  fuperioris  in  ofiicina  armorum 
reperiatur  tormentum  militare  cui  fit  annus 
1303  infcriptus.  Ada  Erud.  1769.  p.  19. 
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I have  yet  met  with  of  the  certain 
ufe  of  gunpowder  in  war;  and  it 
feems  probable  enough,  as  the  Pope 
and  the  Duke  of  Bavaria  are  thought 
to  have  been  the  firft  princes  who 
made  faltpetre  in  Europe*. 

It  ought  not  to  be  concealed  from 
the  reader,  that  Camerarius  quotes  a 
a Danifh  hiftorian  as  relating,  that 
Chrijlopher^  king  of  the  Danes,  was 
killed  in  battle  by  the  ftroke  of  a 
gun,  in  the  year  1280-}-.  Upon  ex- 
amining the  paflage  quoted  by  Came- 
rarius J,  it  is  only  faid,  that  Chrijlo- 
pher^  the  fon  of  king  fValdemar,  was 

killed 

* Clarke’s  Nat.  Hill,  of  Saltpetre. 

f Cranzius  fcribit  Chriftophorum  Dano- 
mm  regem  in  prselio  bomba rdx  idlu  occifum 
anno  1280.  Camera.  Hor.  Subf.  Con.  3.  p. 
312. 

t Cranzius  Vandal.  Lib.  VIII.  C.  23. 
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killed  in  the  beginning  of  an  engag< 
ment  by  a gun,  a warlike  inftrumei 
then  lately  difcovered.  Now  it  aj 
pears  *,  that  Waldemar,Chriilopher 
father,  did  not  fucceed  to  the  crow 
of  Denmark  till  the  year  1332,  an 
that  his  fon  was  killed  in  a naval  er 
gagement  feverai  years  afterwards  1 
probably  about  the  time  affigned  b 
Munfter  for  the  firft  ufe  of  gunpov 
der  in  Denmark. 

But  we  are  able,  upon  goo 
grounds,  to  carry  the  difcovery  c 
gunpowder,  to  a period  anteceden 
to  the  date  of  the  Amberg  piece  c 
ordnancej  and  it  is  probable  enougl 
that  its  compofition  was  known.  Ion 
before  we  read  any  thing  of  its  ufe  i 
v/ar. 

Roge 

• Cranzias  Danias.  Lib,  VII.  C.  32. 

t Id-  Lib. VII.  C.38. 
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Roger  Bacon  died  at  Oxford  in 
292.  In  the  printed  copies  of  the 
^orks  of  this  renowned  Monk,  there 
re  two  or  three  paffages,  from  which 
: may  fairly  be  inferred,  that  he 
.new  the  compofition  of  gunpow- 
er  * ; and  a manufcript  copy  is  faid 
D have  been  feen  -f , wherein  Jaltpe- 

tre^ 

* In  omnem  diHantiam  quam  volumus^ 
oflamus  artificialiter  componere  ignem  com- 
urentem  ex  fale  fetrts  et  aliis,  R.  Bacon 
e Mirab.  Potef.  Artis  et  Naturse.  Epif.C.  VL 
— fed  tamen  falis  petr^e  Luru  ^opo  ‘vir  Can 
triet  fulphiiris  et  iic  facies  tonitrum  et  coruf- 
ationem,  fi  fcias  artificium.  Id.  ib.  C.  XL 
t is  very  probable,  that  in  the  £rfl  of  thefe 
lalTages,  Bacon  concealed  fulphur  and  char- 
oal  under  the  word  aliis\  and  that  in  the 
aft,  having  mentioned  faltpetre  and  fulphur, 
le  concealed  charcoal  and  the  method  of 
nixing  the  three  ingredients,  under  the  bar- 
barous terms,  Luru  vopo  vir  can  utriet, 

f . Plot’s  Nat.  Hift.  of  Oxfordftiire. 
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tre,  fulphur  and  charcoal  are  exprefsly 
mentioned,  as  the  ingredients  of  a 
compofition,  which  would  burn  at 
any  diftance.  But  though  it  be  al- 
lowed, that  Bacon  was  well  acquaint- 
ed with  the  compofition  of  gunpow- 
der, it  will  not  follow,  either  that  he 
was  the  firR  difcoverer  of  it,  or  that 
he  knew  its  application  to  fire  arms. 

The  Moors,  we  have  feen,  who 
had  fettled  in  Spain,  are  efteemed 
by  fome  to  have  been  the  firfl:  per- 
fons  who  ufed  gunpowder  in  the 
praflice  of  war-,  they  alfo  brought 
into  Europe  a great  many  Arabian 
books,  and  introduced  a tafte  for  che- 
miftry  into  different  countries,  about 
the  time  in  which  Bacon  flourilhed. 
It  is  ronfefled,  on  all  hands,  that  Ba- 
con was  no  flranger  to  Arabian  lite- 
rature ; a great  part  of  his  optical 

dif- 


( 337  ) 

difquifitions,  being  evidently  bor-' 
rowed  from  Alhazen  the  Arab  •,  and  ir- 
is not  a fuppofition  wholly  void  of 
probability,  that  he  derived  his  know- 
ledge of  the  compofition  of  gunpow- 
der from  the  fame  fource.  As  to  his- 
knowledge  of  the  ufe  of  it  in  war,  he 
certainly  had  fome  idea  of  it;  for  he 
intimates,  that  cities  and  armies 
might  be  deftroyed  by  it  in  various - 
ways ; but  it  is  not  equally  certain,, 
that  he  had  any  fpecific  notion  of 
the  manner  of  ufing  gunpowder, 
which  unqueftionably  prevailed  foon 
after  his  death. 

It  is  one  thing  to  throw  out  a con- 
jecture, concerning  the  effedts  which 
might  be  produced  by  the  proper 
application  of  a known  fubftance 
another  to  defcribe  the  means  of  ap- 
VOL.  I.  Y plyin.g- 
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plying  it.  There  are  fubftances  in 
nature,  from  a combination  of  which 
it  is  poffible  to  deftroy  a fhip,  or  a 
citadel,  or  an  army,  by  a Ihower  of 
liquid  fire  fpontaneoufly  lighted  in 
the  air : every  perfon  who  is  aware 
of  the  dreadful  fiery  explofion, 
which  attends  the  mixture  of  two 
or  three  quarts  of  fpirit  of  tur- 
pentine, with  ftrong  acid  of  nitre, 
muft  acknowledge  the  truth  of  the 
aflertion;  but  the  fimple  know- 
ledge of  the  poffibility  of  effefling 
fuch  a deftruction,  is  a very  different 
matter  from  the  knowledge  of  its 
pradlicability ; though  future  ages 
may,  perhaps,  invent  as  many  differ- 
ent ways  of  making  thefe  fubftances 
unite  in  the  air,  fo  as  to  fall  down  in 
drops  of  fire,  as  have  been  invented 

of 
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of  making  gunpowder,  a fad  inftrir- 
ment  of  the  deftrudlion  of  our  fpe- 
cies,  fince  the  time  of  Bacon. 

From  the  accounts  given  of  the 
attempts  oi  Salmonetis  and  Caligula,- 
to  imitate  thunder  and  lightning, 
fome  have  been  of  opinion,  that  gun- 
powder v/as  known  to  the  ancients 
be  that  as  it  may,  we  cannot  hefitate 
in  admitting,  that  it  has  been  long 
known  in  various  parts  of  Alia;  it 
would  be  ufelefs  to  cite  a variety  of 
authorities  in  proof  of  this  point,  I’ 
will  content  myfelf  with  that  of  Lord 
Bacon : — “ Certain  it  is,  that  ord- 
nance was  known  in  the  city  of  the 
Oxidrakes  in  India,  and  was  that 
which  the  Macedonians  called  thun- 
der 

* See  Duten’s  Enquiry  Into  the  Dlfcove- 
ries  of  the  Moderns,  p.  263.  Engliflt  'ri  anf^ 
lauon. 
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der  and  lightning,  and  magick.  And 
it  is  well  known,  that  the  ufe  of  ord- 
nance, hath  been  in  China  above 
2000  years 

One  of  the  mcft  ufeful  applica- 
tions of  gunpow’der,  is  in  the  art  of 
mining.  The  hammer  and  metallic 
wedges  were,  probably,  the  firft  in- 
ftruments  which  men  ufed  for  the 
fplitting  of  rocks.  The  application 
of  wooden  wedges  to  the  fame  pur- 
pofe,  feems  to  have  been  a more  re- 
cent difcovery  : it  is  the  property  of 
dry  wood  to  expand  itfelf,  when 
wetted  with  water ; miners  have  had 
■ingenuity  enough  to  avail  themfelves 
of  this  property,  for  it  is  a pradtice 
with  them  to  drive  wedges  of  dry  wood 
into  the  natural  or  artificial  crevices 
of  rocks,  and  to  moiflen  the  wedges 

with 

• Bacon’s  Effay  on  the  Viciffitude  of  Things. 
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with  water.  Wood  by  imbibing 
moifture,  fweils  in  every  dimenfion, 
and  the  force  of  this  expanfion  is 
fufficient,  in  many  cafes,  to  detach 
large  pieces  from  the  main  body  of 
a rock.  But  the  expanfive  force  of 
gunpowder,  is  incomparably  greater 
than  that  of  moiftened  wood.  There 
are  different  accounts  of  the  time, 
when  gunpowder  was  firft  applied  to 
the  blafting  of  rocks.  “ Rofsler  re- 
lates that  in  1627,  the  blafting  of 
mines  was  brought  from  Hungary^ 
and  introduced  in  the  German  mines: 
but  Bayer  fays,  that  in  161^,  it  was 
invented  by  Martin  Freygold  at  Frei- 
berg*:' 

In  anfwer  to  an  inquiry  which  I 
made  concerning  the  time,  when 

blafting 

• See  Travels  through  the  Bannat,  kz.  by 
Baron  Born.  Eng.  Tranf.  p.  ipz. 
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blafting  was  introduced  at  the  famous 
copper  mine  at  ESlon  in  Staffordfhire, 
I received  the  following  account 
from  a very  able  and  intelligent  per- 
fon.  “ I can  give  you  a little  better 
information  concerning  the  affair  of 
blafting.  I have  known  that  coun- 
try, where  the  mine  is,  above  fifty 
years,  and  have  often  feen  the  fmith’s 
•fhop  in  which,  tradition  fays,  the 
firft  boring  auger  that  had  ever  been 
ufed  in  England  was  made,  and  that 
the  firft  ftiot  that  was  ever  fired  in 
Derbyfhire  or  Staffordfhire,  was  fired 
in  this  very  copper  mine  at  Edon. 
The  inhabitants  of  Wetton  (a  village 
adjoining  to  the  mine)  tell  mie  the 
auger  was  made  by  fome  German 
miners,  fent  for  over  by  Prince  Ru- 
pert, to  work  this  copper  mine  at 
Edon.  The  Prince  (Rapin  fays) 

came 
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came  into  England  1636,  and  was 
ordered  by  the  King  to  leave  the 
kingdom  1645;  and  though  he  was 
afterwards  admiral  under  Charles  the 
Second,  it  is  moft  probable  the 
miners  came  during  his  firft  abode 
in  this  kingdom.  I am  very  well 
convinced  of  the  truth  of  the  above 
tradition,  becaufe  the  fathers  of  my 
informers  might  be  very  well  ac- 
quainted with  the  miners  that  intro- 
duced blafting  among  them.”  In 
addition  to  this  account,  I would 
obferve,  that  the  manner  of  fplitting 
rocks  by  gunpowder,  as  pradcifed  at 
Liege,  was  publiflied  by  the  Royal 
Society  in  1665  •,  and  that  it  was  not 
till  about  the  year  1684,  that  the 
miners  in  Somerfedhire  began  to  ufe 
gunpowder  *.  In  the  year  166S 

Prince 

* Fliilof.  Tranf. 
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Prince  Rupert  was  chofen  governor 
of  the  Society  for  the  Mines  Royal  "f, 
and  as  he  lived  fourteen  years  after 
that  appointment,  it  is  not  improba- 
ble, that  he  might  fend  for  the  Ger- 
man miners  in  confequence  of  his 
connexion  with  that  fociety. 

Before  the  difcovery  of  blading 
rocks  by  gunpowder,  it  was  the 
cudom  in  our  Englidi  mines,  as 
well  as  in  Germany,  to  fplit  them  by 
wood  fires.  This  method  is  minute- 
ly, defcribed  by  Agricola*,  and  it  is 
not  yet  wholly  fallen  into  difufe 
It  is  a very  ancient  mode  of  mining, 
being  mentioned  by  Diodorus  Sicu- 
lus, as  pra6tifed  in  fome  Egyptian 

mines : 


f Account  of  Mines,  p.  20. 
•.De  Re  Metal. 

X Philof.  Tranf.  1777.  p.  414. 
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mines  §;  he  gives  us,  in  the  place 
here  referred  to,  fuch  a melancholy 
account  of  the  condition  of  the  poor 
flaves  who  were  employed  in  thofe 
mines,  as  mull  make  the  heart  of 
every  humane  man,  who  has  a ra- 
tional refped  for  the  natural  rights 
of  every  individual  of  our  fpecies, 
fwell  with  indignation,  and  thrill 
with  horror.  Would  to  God,  that 
the  clemency  of  the  taflcmafters  in 
the  mines  of  Peru,  and  in  other  fet- 
dements  of  EuropeanC/^r^zaar,  could 
induce  us  to  believe  that  Diodorus 
Siculus  had  exaggerated  the  barba- 
rity of  Healhen  policy!  but  there  is 
much  to  be  done,  much,  I fear,  to 
be  fufiered,  by  all  the  ftates  of  Chrif- 
tendom,  before  the  Gofpel  of  Chrill: 
can  be  Did  to  be  eaablifned  amongft 

them 
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them  as  a rule  of  life,  influencing 
their  condnft. 

It  is  related  of  Hannibal,^  that  he 
opened  himfelf  a paflage  through  the 
Alps,  by  applying  fire  and  vinegar 
to  the  Rocks  Vv^hich  oppofed  his 
route.  This  mode  of  fplitting  rocks 
was,  probably,  not  invented  by 
Hannibal;  he  might  have  had  fre- 
quent opportunities  of  obferving  a 
fimilar  praftice,  in  jthe  filver  mines 
in  Spain,  which  daily  afforded  him' 
three  hundred  pounds  weight  of  fil- 
ver*. There  is  nothing,  indeed, 
faid  of  vinegar  in  the  defcription  of 

the 

* Mirum  adhuc  per  Kifpanias  ab  Hanni- 
bale  inchoatos  puteos  durare,  Aia  ab  invcn« 
toribus  nomina  habentes.  Ex  i^ueis  Behulo 
appeliatur  hodieque,  qui  CCC  pondo  Han- 
nibali  fubminiftrabat  indies!  Piin.Hin:.  Nat* 
L.  33.  S.  31. 
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the  Egyptian  mines  before  mention- 
ed ; but  Pliny  exprefsly  affirms,  that 
it  was  the  quality  of  vinegar  when 
poured  upon  rocks,  to  fplit  fuch  as  an 
antecedent  fire  had  not  fplit;  and  that 
it  was  the  cuftom  of  miners  to  burft 
the  rocks  they  met  with,  by  fire  and 
vinegar  *.  This  account  of  Hanni- 
bal’s ufing  vinegar  in  fplitting  the 
rocks,  is  generally  looked  upon  as 
fabulous;  for  my  part,  I can  eafily 
conceive,  that  a few  barrels  of  vine- 
gar might  have  been  of  great  ufe,  if 
the  rocks  were  of  the  limeftone  kind; 
and,  whether  they  were  fo  or  not,  I 

leave 

• Saxa  rumpit  infufutn  (acetum)  quas  non 
ruperit  ignis  antecedens.  Plin.  Nat.  liift. 
L.  23.  S.  27.  & L.  33.  S.  2!.  where  by  Silices 
cannot  be  iinderllood  what  we  caii  flints, 
fincc  vinegar  has  no  action  on  flints. 
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leave  to  be  fettled  by  thofe,  who 
have  vifited  the  place  where  this  fa- 
mous attempt  was  made.  Vinegar 
corrodes  all  forts  of  limeftone  and 
marble  rocks,  and  hence,  being  in- 
troduced into  the  cracks  made  by 
the  fire,  it  might  be  very  efficacious 
in  widening  them,  and  rendering 
the  feparation  of  large  lumps,  by 
iron  crows  and  wedges  more  eafy. 
It  is  erroneoufly  fuppofed,  that  a 
large  quantity  of  vinegar  was  re- 
quifite,  for  the  vinegar  did  not  re- 
duce the  whole  mafs  of  rocks  into  a 
pulp-,  fince  Livy  clearly  informs  us, 
that  after  the  aftion  of  both  the  fire 
and  vinegar,  they  were  obliged  to 
open  their  paflage  by  iron  inftru- 
ments, which  would  have  been  wholly 
unnecefiary,  had  the  main  body  of 
“ ike  . 
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the  rocks  been  diflblved  by  the  vi- 
negar.*. 

* — ardentiaque  faxa  infufo  aceto  putre* 
faciunt.  Ita  torridara  incendio  rupem  ferro 
pandunt.  Liv.  Hill.  1.  xxi.  c.  xxxvii. 
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